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TECHNICAL MEMORANDUM X-53872

TERRESTRIAL ENVIRONMENT (CLIMATIC) CRITERIA
GUIDELINES FOR USE IN SPACE VEHICLE DEVELOPMENT,
1969 REVISION

Glenn E. Daniels, Editor

SUMMARY

This document provides guidelines on probable climatic extremes of
terrestrial environment data specifically applicable for NASA space vehicies
and associated equipment development. The geographic areas encompassed
are the Eastern Test Range (Cape Kennedy, Florida); Huntsville, Alabama;
New Orleans, Louisiana; the Western Test Range (Point Arguello, California) ;
Sacramento, California; Wallops Test Range (Wallops Island, Virginia); White
Sands Missile Range, New Mexico; and intermediate transportation areas. In
addition, a section has been included to provide information on the general
distribution of natural environmental extremes in the United States (excluding
Alaska and Hawaii) that may be needed to specify design criteria in the trans-
portation of space vehicle components. Although not considered as a specific
space vehicle design criterion, a section on worldwide cloud cover has been
added in this revision since certain earth orbital experiment missions are
influenced by cloud cover. Some climatic extremes for worldwide operational
conditions are included; however, launching and test areas are restricted due
to the nonavailability of facilities and real estate. Specific reentry landing
areas are not covered in this document,

Design guideline values are established for the following environmental
parameters: (1) thermal (temperature and solar radiation), (2) humidity, (3)
precipitation, (4) winds, (5) pressure, (6) density, (7) electricity (atmos-
pheric), (8) corrosion (atmospheric), (9) sand and dust, (10) fungi and
bacteria, (11) atmospheric oxidants, (12) composition of the atmosphere, and
(13) inflight thermodynamic properties. Data are presented and discussions




1.2

of these data are given relative to interpretation as design guidelines. Addi-
tional information on the different parameters may be located in the numerous
references cited in the text following each section.

FOREWORD

For climatic extremes, there is no known physical upper or lower bound,
except for certain conditions; that is, for wind speed, there does exist a strict
physical lower bound of zero. Therefore, for any observed extreme condition,
there is a finite probability of its being exceeded. Consequently, climatic
extremes for design must be accepted with the knowledge there is some risk
of the values being exceeded. Also, the accuracy of measurement of many
environmental parameters is not as precise as desired. In some cases, theo-
retical estimates of extreme values are believed to be more representative
than those indicated by empirical distributions from short periods of record.
Therefore, theoretical values are given considerable weight in selecting extreme
values for some parameters, i.e., the peak surface winds.

With regard to surface and inflight winds, shears, and turbulence, it is
understood that the space vehicle will not be designed for launch and flight in
severe weather conditions; that is, hurricanes, thunderstorms, and squalls.
Wind conditions are presented for various percentiles based on available data
samples. Caution should be exercised in the interpretation of these percentiles
in vehicle studies to ensure consistency with physical reality and the specific
design and operational problems of concern.

Environmental data in this document are limited to information below
90 km., The document, NASA TM X-53957 '"Space Environment Criteria Guide-
lines for Use in Space Vehicle Development, (1969 Revision)" (Ref, 1.1),
provides information above 90 km, Specific space vehicle natural environmental
design criteria are normally specified in the appropriate organizational space
vehicle design ground rulesand design criteria data documentation, The
information in this document is recommended for use in the development of
space vehicles and associated equipment, unless otherwise stated in contract
work specifications.

Considerably more information is available, but not in final form, on
some of the topics in this document, viz., solar radiation, and surface and
inflight winds and thermodynamic properties. Users of this document who
have questions or require further information on the data provided in this
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document shall direct their requests to the Aerospace Environment Division
(S&E-AERO-Y), Aero-Astrodynamics Laboratory, Marshall Space Flight
Center,

The data in all sections are based on extremes which have actually
occurred, or are statistically probable in nature, over a longer period than
the available data. When possible, cycles (diurnal or other) are given to
provide information for environmental testing in the laboratory. In many cases
the natural test cycles do not agree with standard laboratory tests, frequently
being less severe. Occasionally, the natural cycle as given is more severe
than the laboratory test. Such cycles need careful consideration to determine
whether the laboratory tests need adjustment,

b

THIS DOCUMENT IS A REVISION AND SHOULD BE USED IN LIEU OF
THE DATA PRESENTED IN TM X-53328 (Ref. 1.2). SECTION V, WIND, HAS
BEEN REVISED EXTENSIVELY FROM THAT CONTAINED IN NASA TM X-
53328, THIS DOCUMENT, THEREFORE, SUPERSEDES FOR DESIGN, MISSION

ANALYSIS, AND OPERATIONAL USE NASA TM X-53328 FOR ALL NEW
PROJECT DESIGN CRITERIA DEVELOPMENT.

The environmental criteria data presented in this document were
formulated based on discussions and requests from engineers involved in space
vehicle development and operations. Therefore, they represent responses to
actual engineering problems and not just a general compilation of environmental
data. The following authored sections of this document: M. Alexander,

S. C. Brown, D. Camp, G. Daniels, Dr. G. Fichtl, K. Hill, D. Johnson,
J. Kaufman, O. E. Smith, W, W. Vaughan.

This report is used extensively by the Marshall Space Flight Center and
the Manned Spacecraft Center in design,

Inquires may be directed through appropriate channels to the following
persons:

Scientific Area MSFC MSC KSC

Atmospheric Thermo- O. E. Smith J. E. DeFife

dynamic Models C. Brown

Ground Winds and O. E. Smith A, C. Mackey P, Claybourne
Inflight Winds G. H. Fichtl J. E. DeFife

Atmospheric Condi- O. E. Smith J. E. DeFife

tions (General) G. H. Fichtl A, C, Mackey

G. E. Daniels
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1.5
SECTION I INTRODUCTION

By
Glenn E. Daniels and William W. Vaughan
1.1 General

A knowledge of the earth's atmospheric environmental parameters is
necessary for the establishment of design requirements for space vehicles and
associated equipment, Such data are required to define the design condition for
fabrication, storage, transportation, test, pre-flight, and in-flight design con-
ditions and should be considered for both the whole system and the components
which make up the system, The purpose of this document is to provide guide-
line data on natural environmental conditions for the various major geographic
locations which are applicable to the design of space vehicles and associated
equipment for the National Aeronautics and Space Administration. The publi-
cations MIL-STD-210A (Ref. 1.3), U.S. Standard Atmosphere, 1962 (Ref. 1.4),
the U.S. Standard Atmosphere Supplements (Ref. 1,5), and the Range Reference
Atmospheres (Ref. 1.6), are suggested for use as sources of data for geo-
graphic areas not given in this document.

Good engineering judgment must be exercised in the application of the
earth's atmospheric data to space vehicle design analysis. Consideration must
be given to the overall vehicle mission and performance requirements. Know-
ledge still is lacking on the relationships between some of the atmopheric vari-
ates which are required as inputs to the design of space vehicles. Also, inter-
relationships between space vehicle parameters and atmospheric variables
cannot always be clearly defined. Therefore, a close working relationship and
team philosophy should exist between the design/operational engineer and the
respective organization's aerospace meteorologists. Although a space vehicle
design should accommodate all expected operational atmospheric conditions,
it is neither economically nor technically feasible to design space vehicles to
withstand all atmospheric extremes. For this reason, consideration should be
given to protection of space vehicles from some extremes by use of support
equipment, and by using specialized forecast personnel to advise of the expected
occurrence of critical environmental conditions. The services of specialized
forecast personnel may be very economical in comparison with more expensive
designing which would be necessary to cope with all environmental possibilities.

This document does not specify how the designer should use the data
in regard to a specific space vehicle design. Such specifications may be estab-
lished only through analysis and study of a particular design problem. Although
of operational significance, descriptions of some atmospheric conditions
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have been omitted since they are not of direct concern for structural and control
system design. Induced environments (vehicle caused) may be more critical
than natural environments for certain vehicle operational situations, and in
some cases the combination of natural and induced environments will be more
severe than either environment alone. Induced environments are considered

in other space vehicle criteria documents which should be consulted for such
data.

Reports such as the "Marine Climatic Guide" (Ref. 1.7) may be con-
sulted for reentry landing area information.

1.2 Geographical Areas Covered (Fig. 1.1)

a, Huntsville, Alabama.

b. River transportation: Between Huntsville, Alabama (via Tennessee,
Ohio, and Mississippi Rivers) and New Orleans, Louisiana.

¢. New Orleans, Louisiana; Mississippi Test Operations, Mississippi;
Houston, Texas, and transportation zones between these locations.

d. Gulf transportation: Between New Orleans, Louisiana (via Gulf of
Mexico and up east coast of Florida) and Cape Kennedy, Florida.

e. Panama Canal transportation: Between Los Angeles or Point Arguello,
California (via West Coast of California and Mexico, through the Panama Canal,
and Gulf of Mexico) and New Orleans, Louisiana.

f. Eastern Test Range (ETR), Cape Kennedy, Florida.

g. Western Test Range (WTR), Point Arguello, California.

h. Sacramento, California.

i. Wallops Test Range, Wallops Island, Virginia.

j. West coast transportation: Between Los Angeles, California, and
Sacramento, California.

k. White Sands Missile Range, New Mexico,
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1.3 Units of Conversion

Numerical values in this document are given in the International System of
Units (Ref. 1.8, 1.9). The values in parentheses are equivalent U.S. Customary
Units.* The metric and U, S. Customary Units employed in this report are
those normally used for measuring and reporting atmospheric data.

By definition, the following fundamental conversion factors are exact
(Ref. 1.8, 1.9, 1.10).

Type U, S. Customary Units Metric
Length 1 U. S. yard (yd) 0. 9144 meter (m)
Mass 1 avoirdupois pound (1b) 453, 59237 gram (g)
Time 1 second (8) 1 second (s)
Temperature 1 degree Rankine(°R) 5/9 degrees Kelvin (°K)
Electric current 1 ampere (A) 1 ampere (A)
Light intensity 1 candela (cd) 1 candela (cd)

To aid in conversion of units given in this document, conversion factors
based on the above fundamental conversion factors are given in Table 1.1. Geo-
metric altitude as employed herein is with reference to mean sea level (MSL)
unless otherwise stated.

1.4 Definition of Percentiles

The values of the data corresponding to the cumulative percentage fre-
quencies are called percentiles. The relationship between percentiles and pro-
bability is as follows: Given that the 90th percentile of the wind speed is, say,

60 m/s meansthat there is a probability of 0. 90 that this value of the wind speed
will not be exceeded, and there is probability of 0. 10 that it will be exceeded

for the sample of data from which the percentile was computed. Stated in another
way: There is a 90 percent chance that the given wind speed of 60 m/s will not

be exceeded or there is a 10 percent chance that it will be exceeded. If one con-
siders the 10th and 90th percentiles for the wind speeds, it is clear that 80 percent
of the wind speeds occur within the 10-90 percentiles range.

* English Units adopted for use by the United States of America.
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1.5 Geographical Areas Involved in Vehicle Design

Many geographical areas are involved in the fabrication, transportation,
testing, and launch of a space vehicle, since the various segments are fabricated
in different areas. Figure 1.2 shows an example of some major locations perti-
nent to the fabrication and testing of the Saturn V launch vehicle. Similar infor-
mation may be prepared for other space vehicles. By the use of information
such as that given in Figure 1.2, with the appropriate operational risk criteria,
data from this guideline document can be readily extracted for use as design
criteria. Figure 1.2 is given only as an example and is not intended for design-
operational use.
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FIGURE 1.2 EXAMPLE OF LOCATIONS PERTINENT TO THE
FABRICATION AND TESTING OF COMPONENTS OF THE

SATURN V LAUNCH VEHICLE
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SECTION II, THERMAL
By

Glenn E. Daniels

2.0 Introduction

One of the more important environmental influences on a vehicle is due
to the thermal environment. Combinations of air temperature, solar radiation,
and sky radiation can cause various structural problems, i,e., heating of one
side of the vchicle by the sun while the other side is cooled by a clear sky causes
stresses since the vehicle sides will be of different length. The temperature of
the fuel is desired since the volume-mass relationship of fuel varies withtem-
perature, Too high a temperature may destroy the usefulness of a lubricant,
The heating or cooling of a surface by air temperature and radiation is a
function of the heat transfers taking place, therefore, methods of determining
these relationships are presented in this section,

2.1 Definitions

The following terms are used in this section with the meanings specified
here,

Absorption bands are those portions of the solar (or other continuous)
spectrum which have lesser intensity because of absorption by gaseous elements
or molecules. In general, elements give sharp lines, but molecules such as
water vapor or carbon dioxide in the infrared, give broad diffuse bands.

Air mass is the amount of atmosphere that the solar radiation passes
through where one air mass is referenced to when the sun is at the zenith,

Air temperature (surface) is the free or ambient air temperature meas-
ured under standard conditions of height, ventilation, and radiation shielding.
The air temperature is normally measured with liquid-in-glass thermometers
in a louvered wooden shelter, painted white inside and outside, with the base
of the shelter normally 1.22 m (four feet) above a close-cropped grass surface
(Ref. 2.1, page 59). Unless an exception is stated, surface air temperatures
given in this report are temperatures measured under these standard conditions.

Astronomical unit is a unit of length defined as equal to the mean dis-

tance between the earth and sun, The current accepted value is 1,495978930 x
10% km,




2.2

Atmospheric transmittance is the ratio between the intensity of the extra-
terrestrial solar radiation and intensity of the solar radiation after passing
through the atmosphere. The tabular values of atmospheric transmittance

given in Table 2.1 are based on a specific one air mass as defined in the
text.

Black body is an ideal emitter which radiates energy at the maximum
possible rate per unit area at each wavelength for any given temperature and
which absorbs all incident radiation at all wavelengths.

Diffuse sky radiation is the solar radiation reaching the earth's surface
after having been scattered from the direct solar beam by molecules or
suspensoids in the atmosphere. It is measured on a surface after the direct
solar radiation is subtracted from the total horizontal radiation.

Direct solar radiation is the solar radiation received on a surface
directly from the sun, and does not include diffuse sky radiation.

Emittance is the ratio of the energy emitted by a body to the energy
which would be emitted by a black body at the same temperature. A black body
has an emittance of 1. 0. In this document, the assumption is made that the
emittance is numerically equal to the absorptivity of the object at the same
wavelengths. In this way, the value of emittance represents the portion of the
energy falling on an object that heats or cools the object.

Extraterrestrial solar radiation is that solar radiation received outside
the earth's atmosphere at one astronomical unit from the sun.

Fraunhofer lines are the dark absorption bands in the solar spectrum
due to gases in the outer portions of the sun and earth's atmosphere.

Horizontal solar radiation is the solar radiation measured on a horizontal
surface.

Irradiation is often used to mean solar radiation received by a surface.

Normal incident solar radiation is the radiation received on a surface,
normal to the direction of the sun, direct from the sun, and does not include
diffuse sky radiation.

Radiation temperature is the temperature of a radiating body (assumed as
black) determined by Wien's displacement law, expressed as

T = — Eq. (2.1)
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where
TR = Radiation temperature (°K)
w = Wien's displacement constant (0.2989 cm °K)
Amax = The wavelength corresponding to the maximum energy of

radiation (cm).

Sky radiation temperature is the average radiation temperature of the sky
when it is assumed to be a black body. Sky radiation is the radiation to and through
the atmosphere from outer space. While this radiation is normally termed
nocturnal radiation, it takes place under clear skies even during daylight hours.

Solar radiation in this document will be defined as the radiant energy from
the sun between 2200 angstroms and 70, 000 angstroms (See para. 2.2.2)..

Surface temperature is the temperature which a given surface will have
when exposed to air temperature and radiation within the approximate wavelength
interval of 0.22 to 20. 0 microns. Extremes of surface temperatures will be
dependent on the emittance of the surface, angle between the surface and the
radiation source (such as the sun or sky), the radiation temperature of the
source, and the subtended angle of the source. The actual temperature which
a surface reaches is also dependent on the mass of the object, the heat con-
ductivity within the surface material, and the shape of the entire object of which
the surface is one portion. Therefore, any values computed of extreme surface
temperatures should be considered as the heat flux (heat load) on the surface.
The extreme value of temperature which a surface may reach when exposed to
daytime (solar) or nighttime (night sky) radiation with no wind (calm), assuming
it has no mass or heat transfer within the object, is as follows:

[
.

T = E Eq. .
s TA + (ATBS) q. (2.2)
where

TS = Surface temperature (°K)

TA = Air temperature (°K)

E = Emittance of surface

AT =

BS = Increase in black-body temperature (°K) from daytime solar
radiation (used as plus) or decrease in black-body temperature
(°K) from nighttime sky radiation (used as minus) and is calu-
lated from
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Lk
TS
= | == - T Eq. (2.3)
ATpe ( >

Extreme values of ATBS can be obtained from Figure 2. 3A or Table 2.7 where

I = Total radiation (solar by day) (sky for night) received at
TS surface. These values can be extremes from Tables 2.2, 2.3,
or 2.5 from this report.

o = Stefans-Boltzman constant

8.129 x 10-1 g_cal cm=? (deg K) (min-1)«

1l

5. 6685 x 10-12 watt cm™? (deg K) -4
1

I 4
The term <T> is equal to the extreme black-body surface temperature.

If a correction for wind speed is desired, equation (2.2) can be used as
follows:

We
TS = TA + E(ATBS) m Eq. (2.2A)
where
We = correction for wind speed in percent from Figure 2. 3B.

Total solar radiation is the direct solar and diffuse sky radiation received
by a surface.

Transmittance (see ""Atmospheric transmittance').

2.2 Solar Electromagnetic Spectrum.

2.2.1 Introduction. The sun is emitting energy in the electromagnetic spectrum
between 0. 0001 angstroms and 1,000,000 angstroms. This radiation ranges
from cosmic rays through the very long radio waves.

2.2.2 Solar Radiation Energy Distribution.
Of the total electromagnetic spectrum of the sun, only the radiant energy

from that portion of the spectrum between 2200 angstroms and 70,000 angstroms
(the light spectrum) will be considered in this document since it contains 99. 8

% The unit (min-1) should be included only if units of "I" includes (min-1).
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percent of the total electromagnetic cnergy. The spectral distribution of this
region closely resembles the emission of a gray body radiating at 6000°C. This is
the spectral region which causes nearly all of the heating or cooling of an object.

Solar radiation outside the earth's atmosphere is distributed in a con-
tinuous spectrum with many narrow absorption bands caused by the elements
and molecules in the colder solar atmosphere. These absorption bands are the
Fraunhofer lines, whose widths are usually very small (less than 1 angstrom
in most cases).

The earth's atmosphere also absorbs a part of the solar radiation such
that the major portion of the solar radiation reaching the earth's surface is
between about 3500 angstroms and 40, 000 angstroms. The distribution of the
energy in this region of the spectrum outside the earth's atmosphere (extra-
terrestrial) is as follows:

Distribution Solar Intensity *
Region Percent g-cal — (min-l )
Ultra Violet below 3800 A 6.4 0.128
3800 A to 7500 A 46. 8 0.936
Infrared above 7500 A 46. 8 0. 936

The first detailed information, published for use by engineers on the
distribution of solar radiation energy (solar irradiation) wavelength was that by
Parry Moon in 1940 (Ref. 2.5). These data were generally based on theoretical
curves, but are still used as the basic solar radiation in design by many engineers.

The information on the variation of solar radiation intensities with wave-
length outside the earth's atmosphere, at the mean distance of the earth from
the sun (one Astronomical Unit) must be extrapolated from measurements made
at the earth's surface*** The current procedure is to reduce the data to that
equivalent to one air mass (sun in the zenith) when no clouds exist and then use
an atmospheric transmittance curve based on measured and theoretical absorp-
tion values of ozone, water vapor (expressed as precipitable water), dust and
atmospheric molecules to extrapolate to zero air mass. Moon computed his
data by assuming a 6000° C gray body and assuming an atmospheric transmission

Mean of Johnson (Ref. 2.3) and Nicolet (Ref. 2.4)

!
%%  Based on Solar Constant of 2. 00 g-cal cm~?(min ),

sla ate ste
3R 3K 3R

Recent measurements by Jet Propulsion Laboratory and Eppley Labora-
tories by use of NASA B-57 jet aircraft and USAF/NASA X-15 rocket research
aircraft have suggested that current values of the solar constant are too high
with most of the error in the ultra violet (Ref. 2.4.1).
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curve for computing his data for various air masses. The total area under the
curve for solar intensities outside the earth's atmosphere (zero air mass)
must equal the solar constant.

More recent measurements of solar radiation by the National Bureau of
Standards (NBS) (Refs. 2.6, 2.7), and the National Geographic Society (Ref.
2. 8) in conjunction with the revision of the value of the Solar Constant from
1. 896 g-cal cm~2, used by Moon (Ref. 2.5), to 2. 00 g-cal cm™2 (min 1) * *

-2

(1395 watt m ), now accepted as the correct value, have resulted in revised
values for solar radiation intensities outside the earth's atmosphere and within
the earth's atmosphere.

Additional information on the entire solar spectrum may be found in
NASA TM X-53018, '"Space Radiation: A Compilation and Discussion' (Ref. 2. 2).

2.2.3 Intensity Distribution.

Table 2.1 shows data of the solar radiation intensity distribution with
wavelength. The main purpose of the table is to provide guidance on the dis-
tribution of solar radiation at the earth's surface; therefore, the intensity of
the solar radiation, after penetration of one air mass for a day with maximum
solar radiation at the earth's surface, is given by a constant (atmospheric
transmittance) to use in computation of the solar radiation intensity for other
thicknesses of air mass. These data are based on two sets of measurements
made at Sacramento Peak by the National Bureau of Standards (NBS) in 1953 and
1955 (Ref. 2. 6 and 2.7) and Moon's (Ref. 2. 5) data for wavelengths above 5450
angstroms. Because the NBS and Moon's data were based on an average air
mass* without clouds, the atmospheric transmission was adjusted by con-
sidering less ozone and water vapor than that occurring for the average day.
The adjustment was made to make the area under the curve for one air mass
total 1.64 g-cal em~2 (82 percent of the solar constant) ; i. e., theextreme value
for total normal incident solar radiation for June at the Eastern Test Range
(See Table 2.3). Actual measurements of the intensity of the solar spectrum
in the infrared relative to the total incoming solar radiation are almost non-
existant because of the difficulty of calibrating a reference standard (See Refs.
2.9 and 2,10). The data presented in Table 2, 1 for one air mass should re-
present closely the actual data that would be measured on the day when the
extreme value occurred, because the adjustment of the data was restricted in
making the area under the curve fit the extreme value measured.

* This air mass is assumed to contain no clouds, 0.23 cm of ozone, 0.20 cm
of water vapor and have a standard pressure (1013. 25 millibars) at sea level.

% % See footnote * * * on page 2. 5.
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2.21
2.2.4 Atmospheric Transmittance.

The atmospheric transmittance constant can be used in the following
equation for computations of intensities for any other number of air masses.

N
Ly = L (M) Eq. (2.4)
where
IN = Intensity of solar radiation for '"N' air mass thickness (Table 2. 1)
I0 = Extraterrestrial solar radiation ( Table 2. 1)
M = Atmospheric transmittance
N = Number of air masses

Equation (2.4) can also be used to obtain solar radiation intensities
versus wavelengths for other total normal incident solar radiation intensities
(area under curve) by computation of ncw values of atmospheric transmittance
as follows:

I
TN
MN —Mm Eq. (2.5)
where
ITN = New value of total normal incident solar radiation intensity
M = Value for atmospheric transmittance given in Table 2. 1
MN = New value of atmospheric transmittance

Equations (2,4) and (2.5) are valid only for locations relatively near
the earth's surface (below 5 km altitude). For higher altitudes, corrections
would be needed for the change of the amount of ozone and water vapor in the
atmosphere. Also equation (2.5) should be used only for values of ITN greater

than 1. 10 g-cal cm~2 min~! since values lower than this would indicate a con-
siderably higher ratio of water vapor to ozone in the atmosphere and require

that the curve be adjusted to give more absorption in the infrared water vapor
bands without as large an increase in the ozone absorption.

Also included in Table 2.1 is the extraterrestrial solar radiation (solar
radiation outside the atmosphere). There are two sets of data, both obtained by
extrapolating from measured values through one or more air masses of atmos-
phere. The data from the National Bureau of Standards give the intensity of
solar radiation for a high resolution [ g-cal cm=% (100 A)-1] obtained from the
data presented in Table 2. 1 for one.air mass. To provide extraterrestrial
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solar radiation data below 2995 .51, values are given to a lesser resolution
[ g-eal cm=2 (10000 A)~1) based on mean values of Johnson (Ref. 2.3) and
Nicolet (Ref. 2.4), with data for the entire spectrum for comparison purposes.

The data were converted to [ g-cal cm=% (100 A)‘ll to make the values agree
with the NBS data. It is the belief of the author that the error in using the mean
value of Johnson and Nicolet is less than the actual error of the figures presented.

2.3 Total Solar Radiation.

2.3.1 Introduction

The standard solar radiation sensors measure the intensity of direct
solar radiation from the sun falling on a horizontal surface plus the diffuse
(sky) radiation from the total sky hemisphere. Diffuse radiation is lowest
with day clear air; it increases with increasing dust and moisture in the air.
With extremely dense clouds or fog, the measured horizontal solar radiation
will be nearly all diffuse radiation. The higher (= 95 percentile) values of
measured horizontal solar radiation occur under clear skies. When solar
radiation data are used in design studies, the direct solar radiation should be
applied from one direction as parallel rays and, at the same time, the diffuse
radiation should be applied as rays from all directions of a hemisphere to the
object as shown in Figure 2. 1.

\ ! / Direction
R PR
N / Sun

44— Direct Solar Radiation
- - Diffuse (Sky) Radiation

FIGURE 2.1 METHOD OF APPLYING DIFFUSE RADIATION
FOR DESIGN
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In this document all solar radiation values given are intensities. Solar
radiation intensities are measured in gram calories per square centimeter
(same as langleys per square centimeter) at U, S. Weather Bureau stations.
Intensities of solar radiation are numerically equal to solar insolation per minute;
i.e., gram calories per square centimeter per minute,

2.3.2 Basic Data Computation,

The solar radiation data given in the tables in this section were obtain-
ed from a study made by the National Weather Records Center of the Weather
Bureau under contract to the NASA-Marshall Space Flight Center.

The basic data used were total horizontal solar and sky radiation (I

TH)

for each hour of the day for ten year periods at two stations; Apalachicola,
Florida and Santa Maria, California. Average intensity values for hourly
periods were obtained by dividing each hourly total by 60. The diffuse sky
radiation intensities (I dH) were empirically estimated for each value, based

on amount of total horizontal solar and sky radiation and solar altitude similar

to the method used in Reference 2. 11, After subtracting the diffuse sky radiation
from the total horizontal solar and sky radiation, the resultant horizontal solar
radiation (I) can be used to compute the direct normal incident solar radiation
(IDN) using the following equation (Refs. 2.12 and 2. 13):

I
= Eq. (2. 6
IDN sin b 4. ( )
where
IDN = Direct Normal Incident Solar Radiation
I = Horizontal Solar Radiation = I -I:

TH dH
b = Sun's Altitude (Ref. 2.14),

The total normal incident solar radiation (I, ) values were found

TN
by adding the direct normal incident solar radiation (IDN) and the diffuse sky
radiation (Ijyy) previously estimated. This method of finding the total normal
incident solar radiation may result in a slight overestimation of the value for
low solar altitudes because the sky hemisphere is intercepted by the ground
surface, but this error is small enough to be ignored when working with
extreme values, or any values on the high end of the frequency distribution
(i.e., mean plus one standard deviation or greater).
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Total solar radiation intensities on a south-facing surface, with the
normal to the surface at 45 degrees to the horizontal, are calculated as follows:

ID45 — I(sin 45° + cot b cos a cos 45°) Eq. (2.7)
where
ID45 ~ Intensity of direct solar radiation on a south-facing surface,
with normal 45 degrees to the horizontal.
I = Horizontal Solar Radiation = ITH - IdH
a = Sun's azimuth measured from south direction
b = Sun's altitude.

The values of Total Intensity on a south-facing surface, with
normal 45 degrees to the horizontal are calculated by adding the direct solar
radiation on the south-facing surface, with normal 45 degrees to horizontal
(ID 45°) and the diffuse sky radiation (IdH) previously estimated.

2.3.3 Solar Radiation Extremes.

To present the solar radiation data, the month of June was selected to
represent the extremes® during summer and the longest days and December,
to represent the extremes during winter and the shortest days. The June
extreme data for normal incident solar radiation for Santa Maria, California,
were increased for the period from 1100 to 1900 hours to reflect the higher
values which occur early in July (first week) during the afternoon. Tables 2.2
and 2.3 give the solar radiation extreme data for time of day. The values given
for diffuse radiation are the highest values associated with the other extremes
of solar radiation given and not the extremes of diffuse radiation that occurred
during the period of record. Since the diffuse radiation is low with high values
of total measured solar radiation, the values given are considerably lower than
the highest values of diffuse radiation which occurred during the period, and
the values for association with the extremes are less than those for the 95 per-
centile. Figure 2.2 shows the June total horizontal and total normal incident
data in graphical form for the Eastern Test Range, New Orleans, Gulf Trans-
portation, and Huntsville.

* Extreme as used in this section is the highest measured value of record.
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2.3.4 Variation with Altitude.

Solar radiation intensity on a surface will increase with altitude above
the earth's surface, with clear skies, according to the following equation:

pH
= + - L §
IH IDN (2.00 IDN) ps Eq. (2.8)

where

IH = Intensity of solar radiation normal to surface at required height,

IDN = Intensity of solar radiation normal to surface at the earth's surface,
assuming clear skies (IDN = ITN - IdH)

Py = Atmospheric density at required height (from U. S. Standard or Supple-
mental Atmosphere Data or this document) (kg m=-3)

pg = Atmospheric density at sea level (from U, S. Standard or Supplemental
Atmosphere data or this document) (kg m=3)

2. 00 = Solar constant (g-cal cm™2).

The diffuse radiation (IdH) decreases with altitude above the earth's
surface, with clear skies. A good estimate of the value can be obtained from the
following equation:

IdH =0,7500 - 0.4076 IH Eq. (2.9)%*
where

I aH Intensity of diffuse radiation

IH = Intensity of solar radiation normal to surface.

Equation (2.9) is valid for values of IH from equation (2. 8) up to 1. 84

g-cal em™%, For values of IH greater than 1, 84 g-cal cm™2, I___ = 0.

dH

* Equation (2, 9) is based on a cloudless and dust free atmosphere.




2.29

2.3.5 Solar Radiation during Extreme Conditions.

When ground winds occur which exceed the 95, 99, or 99.9 percentile
winds given in this document in Section V, the associated weather normally is
such that clouds, rain, or dust are generally present; therefore the intensity

of the incoming solar radiation will be less than the maximum values given in
Tables 2.2 and 2.3. Maximum values of solar radiation intensity to use with
corresponding wind speeds are given in Table 2.4

TABLE 2.4 SOLAR RADIATION MAXIMUM VALUES ASSOCIATED
WITH EXTREME WIND VALUES

Maximum Solar Radiation ( Normal Incident)
Steady-State | Huntsville, New Orleans River Transportation, White Sands Missile Range
Ground Gulf Transportation, Eastern Test Range,
Wind Speed Western Test Range, Sacramento, West
at 18 m Coast Transportation and Wallops Test Range
Height
(m sec™!) |(kJm~% sec™!)| (g-cal em=?min~!)[ (BTU ft?hr™ 1) | (kIm-? sec™ 1 (g-cal em™?min~!) | (BTU ft~? hr™?%)
10 0. 84 1.20 265 1,05 1.50 332
15 0. 56 0. 80 177 0.70 1. 00 221
=20 0.35 0, 50 111 0. 56 0. 80 177

2.4 Air Temperature Near the Surface.

Surface air temperatures are presented in Table 2.5 for various geographic
areas. The maximum extremes and minimum extremes and the 95 percentile
values are given for the worst month based on 50 years of record. Values for
extreme minimum sky radiation (equal to outgoing radiation) are also given
in Table 2. 5. The surface air temperature extreme values presented in
Table 2.5 should be expected for only a few hours during a day. Generally,
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TABLE 2.5 SURFACE AIR AND SKY RADIATION
TEMPERATURE EXTREMES

Surface Air

Sky Radiation

Temperature Extremesx
Equivalent Equivalent
Area Maximum Minimum Temperature Radiation
Minimum —cal -2 min-!
Extreme | 95% Extreme | 95% Extreme g em
Huntsville °C 43.9 41.7 -23.3 | -21.7 -30.0 .28
°F 111 107 4 -10 -74 -22
River °C 43.9 - -30.6 - -37,2 .25
Transportation °F 111 - -23 - -35
New Orleans °C 37.8 31.7 -12.8 7.8 -17.8 .35
°F 100 89 + 9 46 + 0
Gulf °C 40,6 - -12.8 - -17.8 35
Transportation °F 105 - 9 - 0
Eastern °C 37.2 30.0 - 2.2 12.2 -15.0 . 36
Test Range °F 99 86 £ 28 54 4 5
Panama Canal °C 41.7 - -12,8 - -15.0 .36
Transportation °F 107 - 9 - 5
Western °C 41.7 31.1 - 2.2 3.9 -15.0 . 36
Test Range °F 107 88 4 28 39 £ 5
West Coast °C 46. 1 - - 6.1 - -17.8 .35
Transportation °F 115 - 21 - 0
Sacramento °C 46. 1 0 - 6.1 -17.8 .35
°F 115 21 0
[White Sands °C 41.1 * -21.1 -30.0 .28
Missile Range °F 106 * -6 < -22
Wallops °C 39.4 s -11.7 -17.8 .35
Test Range °F 103 * 11 0

+ Based on hourly data
- Not applicable

* To be determined,

¢ Based on Worst Month extremes

*% The extreme maximum and minimum temperatures will be encountered during
periods of wind speeds less than about one meter per second.
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the extreme maximum temperature is reached after 12 noon and before 5p.m.,
while the minimum temperature is reached just before sunrise. Table 2.6
shows the maximum and minimum air temperatures which have occurred on
each hour at the Eastern Test Range (Cape Kennedy), but not necessarily on
the same day.

2.5 Extreme Air Temperature Change,

Design values of extreme air temperature changes (thermal shock) .
a. For all areas these values are:

(1) An increase of air temperature of 10°C (18°F) with a simultaneous
increase of solar radiation (measured on a normal surface) from 0,50 g—-cal
em ™ min~! (110 BTU f#t-? hr™) to 1.85 g-cal cm™~2 min~! (410 BTU ft-2 hr™?)
may occur in a one-hour period, Likewise, the reverse change of the same
magnitude may occur for decreasing air temperature and solar radiation.

(2) A 24-hour change may occur with an increase of 27,7° (50°F) in
air temperature in a 5-hour period, followed by four hours of constant air tem-
perature, then a decrease of 27,7°C (50°F) in a five-hour period, followed by
ten hours of constant air temperature.

b. For Eastern Test Range (Cape Kennedy, Florida), the 99. 9 percentile
air temperature changes are as follows:

(1) An increase of air temperature of 5,6°C (11°F) with a simultaneous
increase of solar radiation (measured on a normal surface) from 0,50 g cal
em? min™! (110 BTU £~ hr ) to 1.60 g cal cm™2 min~! (354 BTU ft~2 hr™1),
or a decrease of air temperature of 9.4°C (17°F) with a simultaneous decrease
of solar radiation from 1,60 g cal cm~2 min™! (354 BTU ft 2 hr!) to 0.50 g cal
cm ™ min™! (110 BTU £t =2 hr-1) may occur in a one-hour period,

(2) A 24-hour temperature change may occur as follows. An increase
of 16.1°C (29°F) in air temperature (wind speed under 5 m/sec) in an eight-hour
period, followed by two hours of constant air temperature (wind speed under 5
m/sec), then a decrease of 21.7°C (39°F) in air temperature (wind speed be-
tween 7 and 10 m/sec) in a 14-hour period.

2.6 Surface (Skin) Temperature.

The temperature of the surface of an object exposed to solar, day sky or
night sky radiation is usually different from the air temperature (Refs. 2.16 and
2.17). The amount of the extreme difference in temperature between the object
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TABLE 2.6 MAXIMUM AND MINIMUM SURFACE AIR TEMPERATURES

AT EACH HOUR FOR EASTERN TEST RANGE:*

Time Annual Annual
Maximum Minimum

°C °F °C °F
1a.m. 28.9 84 1.1 34
2 28.9 84 0.6 33
3 29.4 85 -1.1 30
4 28.3 83 -0.6 31
5 28.3 83 -1.1 30
6 29.4 85 -1.1 30
7 30.6 87 -1.7 29
8 30.6 87 -2.2 28
9 31.7 89 -0.6 31
10 33.9 93 1.1 34
i1 35.0 95 2.2 36
12 noon 35.6 96 5.0 41
ip.m 37.2 99 5.6 42
2 35.6 97 5.0 41
3 35.6 97 5.6 42
4 35.6 97 5.6 42
5 35.6 97 5.6 42
6 35.0 95 3.9 39
7 33.3 92 2.2 36
8 31.7 89 2.2 36
9 30.0 86 1.7 35
10 30.0 86 1.7 35
11 30.0 86 1.1 34
12 mid 30.0 86 1.1 34

* Based on 10 years of record for Patrick AFB and Cape Kennedy.




and the surrounding air temperature is given in Table 2.7 and Figure 2.3, Part
A, for exposure to a clear night (or dayy* sky or to the sun on a clear day.

Since the flow of air across an object changes the balance between the heat trans-
fers from radiation and convection-conduction between the air and the object,

the difference in the temperature between the air and the object will decrease
with increasing wind speed (Ref. 2.16). Part B of Figure 2. 3 provides infor-
mation for making the corrections for wind speed. Values are tabulated in

Table 2.7 for various wind speeds.

2.7 Compartment Temperature.

2.7.1 Introduction.

A cover of thin material enclosing an air space will conduct heat to (or
remove heat from) the inside air when the cover is heated by solar radiation
(or cooled by the night sky). This results in the compartment air space being
frequently considerably hotter or cooler than the surrounding air {See 2.6 above).
The temperature reached in a compartment is dependent on the location of the
air space with respect to the heated surface, the type and thickness of the sur-
face material, the type of construction, and the insulation; i.e., an addition of
a layer of insulation on the inside surface of the compartment will greatly re-
duce the heating or cooling of the air in the compartment space (Refs. 2. 18
and 2. 19).

2.7.2 Compartment Extreme High Temperature.

A compartment probable extreme high temperature of 87.8°C (190°F)
for a period of one hour and 65.6°C (150°F) for a period of six hours must be
considered at all geographic locations while aircraft or other transportation
equipment are stationary on the ground without air conditioning in the compart-
ment. These extremes will be found at the top and center of the compartment,

2.8 Data on air temperature distribution with altitude are given in Section XIV.

* Without sun's ray striking, the daytime sky is about as cold as the
nighttime sky.
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AIR TEMPERATURE (C°)

0 10 20 30
SURFACE TEMPERATURE DIFFERENTIAL { C*)

A. Surface temperature differentials with respect to air temperature for
surface of emittance from 0. 0 to 1. 0 for calm wind conditions. Temper-
ature difference after correction for wind is to be added or subtracted to
the air temperature to give surface (skin) temperature.

100

80

€0
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20

B. Correction for wind speed

obtained from Graph A. Valid

//r'

only for a pressure of one
N atmosphere.

4 8 12 16 20
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FIGURE 2.3 EXTREME SURFACE (SKIN) TEMPERATURE OF AN OBJECT

NEAR THE EARTH'S SURFACE (0 TO 300 m) FOR CLEAR SKY
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SECTION III. HUMIDITY

By

Glenn E, Daniels

3.1 Definitions. (Ref. 3.1)

Dew point is the temperature to which a given parcel of air must be cooled
at constant pressure and constant water vapor content in order for saturation to
occur. Further cooling below the dew point normally produces condensation
or sublimation.

Relative humidity is the ratio of the actual amount of water vapor in a given
volume of air to the amount of water vapor that the same volume of air at the
same temperature holds if saturated. Values given are in percent.

Vapor concentration [previously called absolute humidity (Ref. 3.2)] is the
ratio of the mass of water vapor present to the volume occupied by the mixture,
i.e., the density of the water vapor content. This is expressed in grams of
water vapor per cubic meter of air.

Water vapor is water in gaseous state.

3.2 Vapor Concentration,

Water in vapor form in the atmosphere is invisible; however, the amount
of liquid water available from a volume of warm air near saturation is consider-
able and must be considered in design of space vehicles because:

a. Small solid particles (dust) which settle on surfaces cause condensa-
tion (frequently when the atmosphere is not at the saturation level) and will dis-
solve. The resultant solution may be corrosive. Galvanic corrosion resulting
from contact of dissimilar metals also takes place at a rapid rate in the presence
of moisture. The rate of corrosion of the surface increases with higher humidity
(Ref. 3.3). See Section X of this document for further details.

b. Humid conditions can impair the performance of electrical equipment.
This may be by an alteration of the electrical constants of tuned circuits, deteri-
oration of parts (resistors, capacitors, ete.), electrical breakdown of air gaps
in high-voltage areas, or shorting of sections by conductive solutions formed
from solid particles dissolving in the liquid formed,
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c. To grow well, bacteria and fungi usually require high humidities
associated with high temperatures.

d. A decrease in the temperature of the air to the dew point will result
in condensation of water from the atmosphere in liquid or frozen form. Consid-
erable difficulty may result from ice forming on space vehicles when moist air
is cooled by the low temperature of the fuel, especially if pieces of this ice
should drop into equipment areas of the vehicle or supporting ground equipment
before or during takeoff. Optical surfaces (such as lenses of television cameras)
may become coated with water droplets or ice crystals.

Test specifications still use an accelerated humidity test of temperature
of 71.1°C (160°F) at a relative humidity of 95 percent :5 percent for 10 cycles
of 6 hours each spread over a total period of 240 hours. This represents a dew
point of 68.9°C (156°F), values that are much higher than any natural extreme
in the world. Dew points above 32.2°C (90°F) are extremely unlikely in nature
(Ref. 3.4), since the dew point temperature is limited by the source of the
water vapor; i.e., the surface temperature of the water body from which the
water evaporates (Ref. 3.5). These tests with high temperatures can be
advantageously used only as an aggravated test if high temperatures are not
significant in the test after correlation of deterioration with that encountered
in natural extremes. Also, if the mass of the test object is large, moisture
may not condense on the test object because of thermal lag in the test object.
Therefore, referenced specifications for tests which require high temperature
must be carefully evaluated and should be used as guidelines along with this
document.

3.2.1 High Vapor Concentration at Surface.

a. Huntsville, River Transportation, New Orleans, Gulf Transportation
Eastern Test Range, and Wallops Test Range:

2

(1) The following extreme humidity cycle of 24 hours with a wind
of less than 5 m sec~! (9.7 knots) should be considered in design: Three hours
of 37.2°C (99°F) air temperature at 50 percent relative humidity and a vapor
concentration of 22.2 g m™3 (9.7 gr ft™3); six hours of decreasing air tem-
perature to 24.4°C (76°F) with relative humidity increasing to 100 percent
(saturation) ; eight hours of decreasing air temperature to 21. 1°C (70° F),
with a release of 3.8 grams of water as liquid per cubic meter of air (1.7 gr




of water per cubic foot of air), g humidity remaining at 100 percent; and seven
hours of increasing air temperature to 37.2°C (99°F) and a decrease to 50 per-
cent relative humidity (Fig. 3.1).

(2) An extreme relative humidity between 75 and 100 percent and
air temperature between 22.8°C (73°F) and 27.8°C (82°F), which would result
in corrosion and bacterial and fungal growths, can be expected for a period of
15 days. A humidity of 100 percent occurs one-fourth of the time at the lower
temperature in cycles not exceeding 24 hours. Any loss of water vapor from the
air by condensation is replaced from outside sources to maintain at least 75
percent relative humidity at the higher temperature.

b. Panama Canal Transportation:

(1) The following extreme humidity cycle of 24 hours with a wind
of less than 5 m sec~! (9.7 knots) should be considered in design: Three hours
of 32.2°C (90°F) air temperature at 75 percent relative humidity, and a vapor
concentration of 25.4 g m=3 (11.1 gr ft-3); six hours of decreasing air tem-
perature to 26.7°C (80°F) with relative humidity increasing to 100 percent;
eight hours of decreasing air temperature to 21.7°C (71°F) with a release of
6.3 grams of water as liquid per cubic meter of air (2. 8 gr of water per cubic
foot of air) ,* humidity remaining at 100 percent; four hours of increasing air
temperature to 26. 7°C (80° F) and a decrease to 75 percent relative humidity;
and three hours of increasing air temperature to 32.2°C (90°F) with the relative
humidity remaining at 75 percent (moisture added to air by evaporation, mixing,
or replacement with air of higher vapor concentration) . See Figure 3.2.

(2) An extreme relative humidity between 85 and 100 percent and
air temperature between 23.9°C (75°F) and 26.1°C (79°F), which would result
in corrosion and bacterial and fungal growth, can be expected for a period of 30
days. The humidity should be 100 percent during one-fourth of the time at the
lower temperature in cycles not exceeding 24 hours. Any loss of water vapor
from the air by condensation is replaced from outside sources to maintain
at least 85 percent relative humidity at the higher temperature.

* The release of water as a liquid on the test object may be delayed for
several hours after the start of this part of the test because of thermal lag in a
large test object. If the lag is too large, the test should be extended in time for
each cycle to allow condensation.
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(3) Equipment shipped from the West Coast, through the Panama
Canal by ship may accumulate moisture (condensation) while in the ship's hold
because of the increasing moisture content of the air while traveling south to
the Panama Canal, and the slower increase of temperature of the equipment be-
ing transported. This condensation may result in corrosion, rusting, or other
deterioration of the equipment (Ref. 3.6). Extreme values of condensation are:

(a) Maximum condensation conditions occur during the period
between December and March, but condensation conditions may occur during all
months.

(b) The maximum dew point expected is 30.0°C (86° F), with
dew points over 21.1° C (70°F) for ship travel of 6 days prior to arrival at the
Panama Canal from the west coast, and for the remainder of the trip to Cape
Kennedy.

c. Western Test Range, West Coast Transportation, and Sacramento:

(1) The following extreme humidity cycle of 24 hours with a wind
of less than 5 m sec~! (9. 7 knots) should be considered in design: Three hours
of 23.9°C (75°F) air temperature at 75 percent relative humidity and a vapor
concentration of 16. 2 g m=3 (7.9 gr ft~3); six hours of decreasing air tem-
perature to 18. 9°C (66°F) with relative humidity increasing to 100 percent;
eight hours of decreasing air temperature to 12. 8°C (55°F) with a release
of 5.0 grams of water as liquid per cubic meter of air (2.2 gr of water per
cubic foot of air),* humidity at 100 percent; and seven hours of increasing air
temperature to 23.9°C (75°F) and the relative humidity decreasing to 75 per-
cent (Fig. 3.3).

(2) Bacterial and fungal growth should present no problem because

of the lower temperatures in this area. For corrosion, an extreme humidity
of between 75 and 100 percent relative humidity and air temperature between
18.3°C (65°F) and 23.3°C (74°F) can be expected for a period of 15 days.
The humidity should be 100 percent during one-fourth of the time at the lower
temperature in cycles not exceeding 24 hours. Any loss of water vapor from
the air condensation is replaced from outside sources to maintain at least 75
percent relative humidity at the higher temperature.

* See footnote, page 3.3
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d. White Sands Missile Range: This area is located at 1216 meters
(4000 ft) above sea level, and is on the eastern side of higher mountains. The
mean annual rainfall of 250 cm (10 inches) is rapidly absorbed in the sandy
soil. Fog rarely occurs. Therefore, at this location, a high-vapor concen-
tration need not be considered.

3.2.2 Low Vapor Concentration at Surface.

3.2.2.1 Introduction. Low water-vapor concentration can occur at very low
or at high temperatures when the air is very dry. In both cases, the dew points
are very low. However, in the case of low dew points and high temperatures,
the relative humidity is low. When any storage area or compartment of a
vehicle is heated to temperatures well above the ambient air temperature

(such as the high temperatures of the storage area in an aircraft standing on

the ground in the sun), the relative humidity will be even lower than the relative
humidity of the ambient air. These two types of low water-vapor concentrations
have entirely different environment effects. In the case of low air temperatures,
ice or condensation may form on equipment while in the high temperature-low
humidity condition; organic materials may dry and split or otherwise deteriorate.
When a storage area (or aircraft) is considerably warmer than the ambient

air (even when the air is cold), the drying increases even more. Low relative
humidities may also result in another problem — that of static electricity.

Static electrical charges on equipment may ignite fuel or result in shocks to
personnel when discharged. Because of this danger two types of low water-
vapor concentrations (dry extremes) are given for the surface.

3.2.2.2 Surface Extremes of Low Vapor Concentration.

a. Huntsville, River Transportation, Wallops Test Range, and White
Sands Missile Range:

(1) A vapor concentration of 2.1 g m™3 (0.9 gr ft's) , with an air
temperature of -11.7°C (+11°F) and a relative humidity between 98 and 100
percent for a duration of 24 hours, must be considered.

(2) A vapor concentration of 4.5 g m™3 (2.0 gr ft‘3) , corresponding
to a dew point of -1.1°C (30°F) at an air temperature of 28.9°C (84°F) and a
relative humidity of 15 percent occurring for 6 hours each 24 hours, and a
maximum relative humidity of 34 percent at an air temperature of 15.6°C (60°F)
for the remaining 18 hours of each 24 hours for a 10-day period, must be con-
sidered.
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b. New Orleans, Gulf Transportation, Panama Canal Transportation,
and Eastern Test Range:

(1) A vapor concentration of 4.2 g m=3 (1.8 gr ft=3), with an air
temperature of -2.2°C (28° F) and a relative humidity of 98 to 100 percent for
a duration of 24 hours, must be considered.

(2) A vapor concentration of 5.6 g m-3 (2.4 gr ft=3) corresponding
to a dew point of 2.2°C (36°F) at an air temperature of 22.2°C (72°F) and a
relative humidity of 29 percent occurring for 8 hours, and a maximum relative
humidity of 42 percent at an air temperature of 15.6°C (60°F) for the remaining
16 hours of each 24 hours for 10 days, must be considered.

c. Western Test Range:

(1) A vapor concentration of 4.2 g m-? (1.8 gr ft‘3) , with an air
temperature of -2.2°C (28° F) and a relative humidity of 98 to 100 percent for
a duration of 24 hours, must be considered.

(2) A vapor concentration of 4.8 g m-3 (2.1 gr ft=% , corresponding
to a dew point of 0.0°C (32°F) at an air temperature of 37.8°C (100°F) and a
maximum relative humidity of 26 percent at an air temperature of 21.1°C (70°F)
for the remaining 20 hours of each 24 hours for 10 days, must be considered.

d. West Coast Transportation and Sacramento:

(1) A vapor concentration of 3.1 g m=3 (1.4 gr ft~%), with an air
temperature of -6.1°C (21° F) and a relative humidity of 98 to 100 percent for
a duration of 24 hours, must be considered.

(2) A vapor concentration of 10.1 g m~3 (4.4 gr ft=3), correspond-
ing to a dew point of 11.1°C (52°F) at an air temperature of 37.8°C (100°F) and
a relative humidity of 22 percent occurring for 4 hours each 24 hours, and a
maximum relative humidity of 55 percent at an air temperature of 21.1°C (70° F)
for the remaining 20 hours of each 24 hours for 10 days, must be considered.

3.2.3 Compartment Vapor Concentration at Surface.
A low water-vapor concentration extreme of 10.1 g m™3 (44. gr ft=3),

corresponding to a dew point of 11.1°C (52°F) at a temperature of 87.8°C
(190° F) and a relative humidity of two percent occurring for one hour, a linear
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change over a four-hour period to an air temperature of 37.8° C (100°F) and a
relative humidity of 22 percent occurring for 15 hours, then a linear change
over a four-hour period to the initial conditions, must be considered at all

locations.

3.3 Vapor Concentration at Altitude.

In general, the vapor concentration decreases with altitude in the tropo-
sphere because of the decrease of temperature with altitude. The data given
in this section on vapor concentration are appropriate for design purposes.

3.3.1 High Vapor Concentration at Altitude.

The following table present the relationship between maximum vapor

concentration and the associated temperature normally expected as a function
of altitude (Ref. 3.7).

a. Maximum Vapor Concentrations for Eastern Test Range, Table 3.1.
b. Maximum Vapor Concentrations for Wallops Test Range, Table 3.2.

¢. Maximum vapor concentrations for White Sands Missile Range,
Table 3. 3.

TABLE 3.1. MAXIMUM VAPOR CONCENTRATION FOR
EASTERN TEST RANGE

Temperature Associated
Geometric Vapor with Maximum Vapor
Altitude Concentration Concentration
(km) (ft) [(g m™) | (grft™) (°C) (°T)
SRF (0.005 MSL) (16) | 27.0 11.8 30.5 87
1 3,300| 19.0 8.3 24.5 i‘ 76
2 6,600 13.3 5.8 18.0 : 64
3 9, 800 9.3 4.1 ‘ 12.0 ‘ 54
4 13,100| 6.3 2.8 } 5.5 42
5 16,400| 4.5 2.0 ’ -0.5 31
6 19,700 2.9 ° 1.3 -6. 8 : 20
7 23,000 2.0 0.9 -13.0 9
8 26,200 1.2 0.5 -20.0 -4
9 29,500 0.6 0.3 { -27.0 C-17
10 32,800 0.3 0.1 \ -34.5 R
16.2 53,100| 0.025 0.0t 578 -T2 |
20 65,600 0.08 0.03 -47.8 -54 Jw
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TABLE 3.2. MAXIMUM VAPOR CONCENTRATION FOR
WALLOPS TEST RANGE
Temperature Associated i
Geometric Vapor with Maximum Vapor
Altitude Concentration Concentration
(km) (ft) | (g m™) | (grft™) (*C) (°F)
SRF (0.002 MSL) (8)] 22.5 9.8 27.5 81
1 3,300 20.0 8.7 26.1 79
2 6,600 13.9 6.1 17.2 63
3 9,800 10.3 4.5 12.8 55
4 13,100 7.4 3.2 7.8 46
5 16, 400 6.0 2.6 2.8 37
6 19, 700 3.9 1.7 -1.1 30
7 23,000 2.6 1.1 -5.0 23
8 26,200 1.7 0.7 -11.1 12
9 29, 500 0.9 0.4 -17.8 0
10 32, 800 0.4 0.2 -27.8 -18
16.5 54,100/ 0.08 0.03 -47.2 -44
20 65,600 0.09 0.04 -46.2 -43
TABLE 3.3. MAXIMUM VAPOR CONCENTRATION FOR
WHITE SANDS MISSILE RANGE
Temperature Associated
Geometric Vapor with Maximum Vapor
Altitude Concentration Concentration
(km) (t) (gm™) | (grft™) ( C) (°F)
SRF (1.2 MSL) (3, 989) 16.0 7.0 21.5 70
2 6,600 13.2 5.8 18.9 66
3 9, 800 9.0 3.9 12.8 55
4 13,100 6.8 3.0 7.8 46
5 16, 400 4.9 2.1 2.2 36
6 19,700 3.4 1.5 -2.2 28
7 23, 000 2.2 1.0 -10.0 14
8 26, 200 1.3 0.6 -16.1 3
9 29, 500 0.6 0.3 -22.8 -9
10 32, 800 0.2 0.1 -30.0 -22
16.5 54, 100 0.08 0.03 -47.8 -44
20 65,600 0.05 0.02 -52.2 -47
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3.3.2 Low Vapor Concentration at Altitude

The values presented as low extreme vapor concentrations in the follow-
ing tables are based on data measured by standard radiosonde equipment.

a. Minimum Vapor Concentrations for Eastern Test Range, Table 3. 4.
b. Minimum Vapor Concentrations for Wallops Test Range, Table 3.5.

¢. Minimum Vapor Concentrations for White Sands Missile Range,
Table 3.6.

TABLE 3.4. MINIMUM VAPOR CONCENTRATIONS FOR
EASTERN TEST RANGE

Temperature Associated
Geometric Vapor with Minimum Vapor
Altitude Concentration Concentration
(km) (ft) | (gm™) | (grit™) (°C) (°F)
SRF (0.005 MSL) (16) 4.0 1.7 29 84.2
1 3,300 0.5 0.2 6 42,8
2 6,600 0.2 0.1 0 32.0
3 9, 800 0.1 0.04 -11 12.2
4 13,100 0.1 0.04 ~-14 6.8

TABLE 3.5. MINIMUM VAPOR CONCENTRATION FOR
WALLOPS TEST RANGE

Temperature Associated

Geometric Vapor with Minimum Vapor
Altitude Concentration Concentration

(km) (ft) |[(gm™) | (grit?) (°C) (°F)

SRF (0.002 MSL) (8) 0.5 0.2 -4 24,8

1 3, 300 0.3 0.1 -11 12,2

2 6,600 0.2 0.1 -17 1.4

3 9, 800 0.2 0.1 -23 -9.4

4 13,100 0.2 0.1 -31 -23.8

5 16, 400 0.1 0.04 -39 -38.2

7.5 24,600 0.08 0.03 -47 -43.9

10 32, 800 0.017 0.007 -61 -51.7




(9]
[
L0

TABLE 3.6. MINIMUM VAPOR CONCENTRATION FOR
WHITE SANDS MISSILE RANGE
Temperature Associated
Geometric Vapor with Minimum Vapor
Altitude Concentration Concentration
(km) (ft) [(gm™) | (grft™) (°C) (°F)
SRF (1.2 MSL) (3,989) 1.2 0.5 -1 30.2
2 6,600 0.9 0.4 -5 23.0
3 9, 800 0.6 0.3 -12 10.4
4 13,100 0.4 0.2 20 -4.0
5 16, 400 0.2 0.1 -26 -4.8
6 19,700 0.1 0.04 -36 -37.8
7 23, 000 0.09 0.03 -42 -41.1
8 26,200 0.07 0.03 -49 -45.0
9 29,500 0.03 0.01 -55 -48.3
10 32,800 0.02 0.01 -60 -51.1
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SECTION IV. PRECIPITATION
By

Glenn E. Daniels

4,1 Definitions. ( Ref. 4.1)

Precipitation is defined as all forms of hydrometeors, whether liquid or
solid, which are free in the atmosphere and which may or may not reach the
ground. Accumulation is reported in inches of depth for liquid, or in inches of
depth of water equivalent, for frozen water particles.

Snow is defined as all forms of frozen precipitation except large hail; it en-
compasses snow pellets, snow grains, ice crystals, ice pellets, and small hail.

Hail is precipitation in the form of balls or irregular lumps of ice, and
is always produced by convective clouds. Through established convention, the
diameter of the ice must be 5 mm or more, and the specific gravity between
0.60 and 0. 92 to be classified as hail.

Ice pellets are precipitation in the form of transparent, more or less
globular, hard grains of ice under 5 mm in diameter, that rebound when striking
hard surfaces.

Small hail is precipitation in the form of semitransparent, round or conical
grains of frozen water under 5 mm in diameter, Each grain consists of a nucleus
of soft hail (ball of snow) surrounded by a very thin ice layer. They are not
crisp and do not usually rebound when striking a hard surface.

Precipitable water is the total atmospheric water vapor contained in a
vertical column of unit cross-sectional area extending between any two specified
levels. It is usually given as inches of water (if vapor were completely condensed).

4,2 Rain,

Although most long-duration rainfall world records (monthly or yearly)
have been for regions far removed from the areas of interest for large space
vehicle launch and test operations, the world maximum amount of short-duration
rainfall has occurred in the thunderstorms or tropical storms within the United
States, in the Gulf of Mexico, or in Canal Zone areas. A study of the rate of
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rainfall, compared with duration, shows that the average rate (per hour) de-
creases as the duration increases. Equipment must withstand both prolonged
soaking rain and brief downpours. The following precipitation values at an
air temperature between 21. 1°C (70°F) (night) and 32.2°C (90°F) (day) are
adequate for most design problems, although considerably less than world
record extremes.

4,2.1 Rainfall at Surface.

a, Extreme Amounts. The design rainfall for the areas of interest
are as follows:

(1) Huntsville, Eastern Test Range, Western Test Range, Sacramento,
West Coast Transportation, River Transportation, White Sands Missile Range,
and Wallops Test Range, rainfall information is given in Table 4. 1.

(2) Gulf Transportation, Panama Canal Transportation, and New
Orleans rainfall information is given in Table 4, 2.

TABLE 4.1 DESIGN RAINFALL RATES FOR HUNTSVILLE, EASTERN
TEST RANGE, WESTERN TEST RANGE, SACRAMENTO, WEST
COAST TRANSPORTATION, RIVER TRANSPORTATION,
WALLOPS TEST RANGE, AND WHITE SANDS MISSILE RANGE

Time Period 1 min 1 hour 24 hours
Total Amount (mm) 7.6 64 305
(in.) 0.3 2.5 12
Rate (mm/hr) 456 64 i3
(in. /hr) 18.0 2.5 0.5
Average Drop Diameter (mm) 3.8 2.6 2.0
Average Rate of Fall (m/sec) 8.5 7.3 6.4
Peak Wind Speed (m/sec) 30 20 20
Average Wind Speed (m/sec) 17 6 4,5
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TABLE 4,2 DESIGN RAINFALL RATES FOR GULF TRANSPORTATION,
PANAMA CANAL, AND NEW ORLEANS

Time Period 1 min 1 hour 24 hours
Total Amount (mm) 12,7 102 508
(in.) 0.5 4 20
Rate (mm/hr) 762 102 21
(in. /hr) 30.0 4,0 0.8
Average Drop Diameter (mm) 4,1 2.9 1.8
Average Rate of Fall (m/sec) 8.8 7.6 6.1
Peak Wind Speed (m/sec) 30 20 20
Average Wind Speed (m/sec) 17 6 4,5

b. Probability of Precipitation Not Exceeding Selected Amounts. The
probability of precipitation not exceeding selected amounts on any one day was
determined by a study of six years of data at Cape Kennedy, Florida. This
information is given in Table 4. 3.

4,2,2 Rainfall at Altitude.

Rainfall rates normally decrease with altitude when rain is striking
the ground. The rainfall rates at various altitudes in percent of the surface
rates are given in Table 4, 4 for all areas (Ref, 4.2).

The precipitation above the ground is generally colder than at the
ground and frequently occurs as supercooled drops which can cause icing on any
object moving through the drops. Such icing can be expected to occur when the
air temperature is -2, 2°C (28°F). The amount of icing (i.e., rate of formation)
is related to the speed and shape of the object. For the geographic areas
considered in this report, these conditions usually occur between 3 and 10 km
altitude.
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TABLE 4.3 PROBABILITY THAT PRECIPITATION WILL NOT
EXCEED A SPECIFIC AMOUNT IN ANY ONE
DAY, EASTERN TEST RANGE

?ﬁiﬁgf MONTH
JAN FEB MAR APR MAY JUNE
% % %o To %o %
0. 00 79.0 75.7 68. 8 75. 6 76. 3 59. 4
0.05 86. 6 82. 8 73.7 85. 5 84. 4 68. 9
0.20 90. 3 86. 4 80, 1 90. 0 91. 4 74. 4
0. 50 93.0 89. 3 87. 1 95. 0 95. 7 86. 1
1,00 96. 2 96. 4 95.7 97. 8 99. 5 96. 1
2. 00 98.9 100, 0% 98. 9 100.0%  100. 0% 98. 9
5. 00 100.0%  100. 0% 99.5 100.0%  100.0% 100, 0%
ﬁ%g&if MONTH
JULY AUG SEPT OCT NOV DEC
%o % % %o % %
0. 00 61.8 59. 1 52. 8 65. 6 75. 0 75.8
0.05 69. 4 66. 1 63. 3 73.1 81,7 86. 6
0. 20 79. 6 74.7 73.3 82. 3 89, 4 92,5
0. 50 87. 1 83.9 83. 9 90, 3 92. 8 95.17
1,00 94.1 92.5 93.9 96. 8 96.7 98. 4
2. 00 97. 3 98. 4 97. 8 100.0%  100.0% 100, 0%
5. 00 100.0%  100.0%  100,0%  100.0%+  100.0%  100.0%

* Although the available data records indicate no chance of exceeding certain
amounts of precipitation during most of the months, it should be realized that
the length of data studied is not long and that there is always a chance of any
meteorological extreme of record being exceeded.
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TABLE 4.4 DISTRIBUTION OF RAINFALL RATES WITH
HEIGHT FOR ALL LOCATIONS

Height (Geometric)
Above Surface (km)

Percent of
Surface Rate

SRF

100

| 90
2 75
3 57
4 34
5 15
6 7
7 2
8 1
9 0.1
0 0.1

10 and over <

4,3 Snow.

The accumulation of snow on a surface produces stress. For a flat hori-
zontal surface, the stress is proportional to the weight of the snow directly above
the surface. For long narrow objects, such as pipes or wires lying horizontally
above a flat surface (which can accumulate the snow), the stress can be figured
as approximately equal to the weight of the wedge of snow with the sharp edge
along the object and extending above the object in both directions at about 45
degrees to the vertical. (In such cases, the snow load would be computed for
the weight of the snow wedge above the object and not the total snow depth on
the ground.) The weight of new fallen snow on a surface varies between 0.5
kg m-2 per cm of depth (0.25 1b ft=2 in.~!) and 2. 0 kg m~2 per cm of depth
(1.04 1b ft~2 in.~1), depending on the weather situation at the time of snowfall.
When the amount is sufficient to be important in load design, the weight on the
surface is near 1.0 kg m~2 cm~! (0. 52 1b £t~2 in.~1). Snow on the ground be-
comes more dense, and the depth decreases with time.
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4,3.1 Snow Loads at Surface.
Maximum snow loads for the following areas are:

a. Huntsville, Wallops Test Range, and River Transportation areas.
For horizontal surfaces a snow load of 25 kg m~% (5.1 1b ft7?) per 24-hour
period (equivalent to a 10-inch snowfall) to a maximum of 50 kg m~% (10. 2 1bft=?)
in a 72-hour period, provided none of the snow is removed from the surface during
the period, should be considered for design purposes.

b. New Orleans, West Coast Transportation, White Sands Missile Range,
and Sacramento areas., For horizontal surfaces, a maximum snow load of 10 kg
m~2 (2.0 1b ft~?) per one 24-hour period, should be considered for design
purposes.

4,8.2 Snow Particle Size.

Snow particles may penetrate openings (often openings of minute size)
in equipment and cause malfunction of mechanical or electrical components,
either before or after melting. Particle size, associated wind speed, and air
temperature to be considered are as follows:

a., Huntsville, Wallops Test Range, and River Transportation areas.
Snow particles 0. 1 mm (0.0039 in.) to 5 mm (0, 20 in, ) diameter; wind speed
10 m sec—! (19 knots) ; air temperature -17.8°C (0° F).

b. New Orleans, West Coast Transportation, White Sands Missile Range,
and Sacramento areas. Snow particles 0.5 mm (0. 020 in.) to 5 mm (0. 20 in,)
diameter; wind speed 10 m sec~! (19 knots) ; air temperature -5.0°C (23°F).

4.4 Hail,

Hail is one of the most destructive weather forces in nature, being exceeded
only by hurricanes and tornadoes. Hail normally forms in extremely well-
developed thunderstorms during warm weather and rarely occurs in winter months
or when the air temperature is below 0°C (32°F). Although the average diameter
of hailstones is 8 mm (0. 31 in.) (Ref. 4.3) , hailstones larger than 12.7 mm
(0.5 in. ) in diameter frequently fall, while stones 50 mm (2.0 in. ) in diameter
can be expected annually somewhere in the United States. The largest measured
hailstone in the United States was 137 mm (5. 4 in, ) in diameter and had a weight
of 0.68 kg (1.5 1b) (Refs. 4.4, 4.5 and 4.6). Three environmental effects on
equipment must be considered:
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The accumulation of hail, as with snow, stresses the object by its weight.
Although hail has a higher density than snow, 2.4 kg m™ e¢m™? (1, 25 1b ft-2 in. 1),
the extreme load from hail will not exceed the extreme snow load at any area of
interest; therefore, the snow load design will adequately cover any hail loads
expected.

Large hailstones, because of weight and velocity of fall, are responsible
for structural damage to property (Ref. 4.7). To actually designate locations
where hailstones, with specific sizes of hail, will fall is not possible. However,
the following information can be used as a guide for design and scheduling (these
values are most applicable to the design of ground support equipment and protec-
tive covering for the space vehicles during the transporting of vehicles between
Huntsville and New Orleans). Hail as an abrasive is discussed in Section VI.

4.4, 1 Hail at Surface.

a. Huntsville, River Transportation, Gulf Transportation, New Orleans,
Wallops Test Range, and White Sands Missile Range.

(1) A maximum hailstone size of 50 mm (2 in.) in diameter with an
occurrence probability of one time in 15 years.

(2) Damaging hailstorms occur most frequently between 3 p. m.
and 9 p. m. during May through September. April is the month of highest
frequency-of-occurrence of hailstorms for Huntsville, River Transportation,
and Gulf Transportation, March is the month of highest frequency-of-occurrence
of hailstorms for White Sands Missile Range, and May is the month of highest
frequency-of-occurrence of hailstorms for Wallops Test Range.

(3) The period of large hail (over 25 mm in diameter) will not be
expected to last more than 15 minutes and should have a maximum total accumu-
lation of 50 mm (2 in. ) for depth of hailstones on horizontal surfaces.

(4) Velocity of fall equals 30.5 m sec™! (100 ft sec™!) for each stone.

(5) Wind speed equals 10 m sec™! (33 ft sec™1).

(6) Density of hailstones equals 0. 80 g cm™2 (50 1b ft~%).
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b. Eastern Test Range.

(1) A maximum hailstone size of 25.4 mm (1 in.) in diameter with
an occurrence probability of one time in 30 years may be expected.

(2) Damaging hailstones occur most frequently between 3 p. m. and
9 p. m. during April through June. May is the month of highest frequency-of-
occurrence for hailstorms,

(3) The period of large hail will not be expected to last more than
15 minutes and should have a maximum total accumulation of 12,5 mm (0. 5 in.)
for depth of hailstones on horizontal surfaces.

(4) Velocity of fall equals 20 m sec™! (66 ft sec™!) for each stone.
(5) Wind speed equals 10 m sec™1 (33 ft sec™1).
(6) Density of hailstones equals 0,80 g ecm™ (50 1b ft-3),

4.4.2 Distribution of Hail with Altitude,

Although it is not the current practice to design space vehicles for flight
in thunderstorms, data on distribution with altitude are presented as an item of
importance. The probability of hail increases with altitude from the surface to
5 km and then decreases rapidly with increasing height. Data on Florida
thunderstorms, giving the number of times hail was encountered at various
altitudes during aircraft flights (Ref, 4. 8), are given in Table 4. 5 for areas
specified in paragraph 4. 4. 1.

TABLE 4.5 DISTRIBUTION OF HAIL WITH HEIGHT
FOR ALL LOCATIONS (Ref. 4. 8)

Occurrence of Hail
(percent of flights
through thunderstorms)

Height ( Geometric)
Above Surface (km)

0 oUW N
(W
o
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SECTION V. WIND *
By

Margaret B. Alexander, Sayre C. Brown, Dennis W. Camp,
Glenn E. Daniels, George H. Fichtl, Kelly Hill,
John Kaufman, Orvel E. Smith, and William W. Vaughan

5.0 Introduction

The determination of a space vehicle's response to atmospheric
disturbances cannot be reduced to the evaluation of one discrete set of response
criteria, such as vehicle loads, but it must include many response parameters,
the choice of criteria (parameters) depending upon the vehicle configuration
and the specific mission. It is also impractical to use only one method for all
phases of vehicle design. Therefore, the studies must be separated into their
various phases, using different approaches and methods of evaluation, as the
particular phase demands. Although not independent, these various phases
include (1) preliminary design, (2) final structural design, (3) guidance and
control system design and optimization (preliminary and final) , and (4)
establishment of limits and procedures for launch and flight operations. Thus,
the proper selection, representation, and use of wind information require the
skillfully coordinated efforts of aerospace meteorologists and engineers.

Winds are characterized by three-dimensional motions of the air,
accompanied by large temporal and spacial variations. The characteristics
of these variations are a function of synoptic conditions, atmospheric stability
and season, as well as the geographic location of the launch site. It is neces-
sary, therefore, to use good technical judgment and to consider the engineering
application of the wind data in preparing criteria that are descriptive and yet
concise. The wind environment affects the various vehicle design and
operational problem areas in a different manner and requires a unique
interpretation and application of the data for each analysis.

During the initial and intermediate phases of the development cycle,
the synthetic ground and inflight wind criteria concept has its major value and
contribution to the design. Although a certain overall vehicle performance
capability in terms of probability may be mentioned as a guideline, it is not
realistic to expect a design to be developed that will precisely meet this
specified performance capability because of the many unknowns in the vehicle
characteristics and design criteria. With the status of current space vehicle
technology it is not possible to make, as a result of design procedures or tests,

* This section contains considerable detail on development of the wind criteria

and for use in mission analyses. Appendix A, page 5.227, summarizes a typical
Space Vehicle Wind Criteria. This can also be used as an example in development
of specific wind criteria specifications for future projects.
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a candid statement about the specific calculated overall design risk or
operational capability of a space vehicle. Therefore, it makes good engineering
sense to establish a set of idealized or synthetic ground and inflight wind
characteristics, which include such features as wind magnitude versus height of
profile, gust factors, turbulence spectra, wind shears, and directional features
of the wind. They may then be referenced and used in a consistent manner to
establish the preliminary and intermediate designs necessary to ensure
accomplishment of the expected range of missions for the vehicle development.
Furthermore, they assist in isolating those aspects of the wind structure
critical to a vehicle design area.

It is currently the accepted practice, which is further endorsed by this
report, to use the synthetic wind criteria approach described herein for NASA
space vehicle developments during the preliminary and intermediate design
phases. These criteria should be carefully formulated to ensure that the
appropriate data are employed in vehicle construction and use in order to be
consistent with the degree of resolution available from other vehicle input
criteria and the structural/control system simulation models. The synthetic
wind profile features may readily be employed to isolate specific design
problem areas without resorting to elaborate computations, which are not
justified with respect to the other unknown system parameters. In addition, by
use of this approach, the designer may, for example, closely approximate the
steady -state wind limits for a design or operational configuration. The other
features of the wind forcing function may be accommodated with a specified
risk level. Using these steady-state wind limits, a multitude of mission
analysis studies can rapidly be accomplished relative to launch windows, etc.,
using the entire available historical record from the steady-state inflight wind
(rawinsonde) or ground wind measurement systems. Such records, described
in this section, are available for all major launch areas. These statistical
records and the synthetic profile concept are also adequate for bias of pitch
and yaw programs, range safety studies, preliminary abort analysis, and
related space vehicle operational problems.

When adequately documented and referenced, the synthetic wind criteria
concept provides a powerful tool for ensuring consistent design inputs for all
users, and it essentially avoids the problem of any oversight errors, which
may be very costly to correct in later development phases. Furthermore,
they enable various design teams to simultaneously conduct studies and to
compare their results on a common basis.

During the latter stages of a vehicle development program, when
adequate vehicle response data are available, it is considered highly desirable,
if not mandatory, to simulate the vehicle flight and response to actual wind
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velocity profiles. However, these wind profiles should contain an adequate
frequency content through at least the vehicle's first bending moment frequency.
Otherwise, only another preliminary design approximationisderived, and no
specific new design information is obtained relative to the synthetic wind profile
concept. The current acceptable practiceis to usea selectionofdetailed inflight
wind profiles ( resolution to at least one cycle per 100 meters) obtained by either the
smoke trail/photographic or the FPS-16 Radar/Jimsphere technique for the
major launch range(s) of concern. These data and their availability are
discussed elsewhere in this document. The number of flight performance
simulations and detailed wind profiles selected will depend upon the particular
vehicle and the design problem involved and how well the vehicle characteristics
were established during the preliminary and intermediate design work. The
vehicle simulation to detailed inflight wind profiles should constitute, essentially,
a verification of the design. It should provide the design organization with
added confidence in the capability of the vehicle design and enable them to
isolate any critical areas requiring further indepth study to refine the control
and structural systems. The profiles used should constitute a selection from
the available detailed wind profile records. This selection should be based
upon the mission objectives and should be established through discussions
between the affected design group and the cognizant NASA organization
concerned with wind criteria,

For the prelaunch simulation and flight evaluation of a space vehicle
relative to the inflight wind environment, it is recommended that established
ground wind reference height anemometers and detailed inflight wind profiles
measured by the FPS-16 Radar/Jimsphere system be used to provide adequate
resolution, accurate data, timely measurements, and a rapid reduction scheme,
ensuring a prompt input into the prelaunch simulation program and flight
evaluation. It is during the prelaunch phase that accurate and near real time
wind data are mandatory, especially if an almost critical launch wind condition
exists. The consequences are obvious. Furthermore, adequate flight
evaluations cannot be made without timely and accurate launch wind data.

The above remarks are intended to reflect the currently accepted
practices for use of available wind data in the design, development, mission
analysis, prelaunch and flight evaluation phases of a space vehicle program.
It is apparent that the wind input employed in terms of resolution, accuracy,
representativeness, etc. will depend upon the status of the space vehicle
design's use of reliable data that are consistent with the design requirements
at the particular stage of development. An understanding of the use and
limitations of wind data in making engineering decisions is required to design
a space vehicle for a given mission objective(s). This can only be accomplished
through a team relationship with the design engineer and meteorologist
concerned with wind criteria,
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The information given in Section V constitutes guidelines for data that
are applicable to various design problems. The selected risk levels employed
to determine those characteristics of the ground and inflight winds used in the
design are a matter of organizational design philosophy and management
decision. To maximize performance flexibility, it is considered best to
utilize those data associated with the minimum acceptable risk levels. In addition,
such critical mission related parameters as vehicle free-standing period, launch
windows, and launch turnaround period should be carefully considered. Initial
design work on the basis of nondirectional ground or inflight winds is recom-
mended unless the vehicle and its mission are well-known and the exact launch
azimuth and time(s) are established and rigidly adhered to throughout the
project. In designs that use directional wind criteria, rather severe wind
constraints can result if the vehicle is used for another mission or in another
configuration. Therefore, caution must be exercised in the employment of
wind data to ensure consistency with the physical interpretation relative to the
specific design problem. References 5.1, 5.2, 5.3, 5.4, and 5.5 are a few of
the many works related to the problems involved in using wind in space vehicle
design programs.
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5.1 Definitions

The following terms are used in this section with the meanings speci-
fied here.

5.1.1 Ground Winds.

Average Wind Speed: The mean wind speed measured at a
fixed height and for some selected time interval depending upon the intended
use of the data. They are sometimes referred to as quasi-steady-state winds.

Gust: A sudden increase in the ground wind speed. It is
frequently stated with respect to a mean wind speed. A sudden decrease in the
wind speed is sometimes referred to as a gust (negative).

Ground Winds: For purposes of this document, winds below
a height of about 150 meters above the natural grade.

I'ree-Standing Winds: The ground winds that are applied when

the vehicle is standing on the launch pad (with or without fuel) , after any
service structure, support, or shelter has been removed.

Gust Factor: The ratio of peak ground wind speed to the
average or mean ground wind speed over a finite time period.

Hurricanes: Severe tro_qical storms (usually over water)
having ground winds of 64 knots (33 ms ) or greater. These storms normally
cover thousands of square miles.

Launch Design Winds: Maximum ground winds for which the
vehicle can be launched, normally involving a stated design wind at a reference
height plus the associated 3 o (~ 99.9 %) wind profile shape.

Peak Wind Speed: The maximum (essentially, instantaneous)
wind speed measured during a specified reference period, such as hour, day,
or month,
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Steady-State or Average Wind Speed: The mean, over a
period of about ten minutes or longer, of the wind speed measured at a fixed
height. It is usually assumed constant as, for example, in spectrum calcu-
lations. Thus, the steady-state or average wind should be the mean which
filters out, over a sufficient duration, the effects that would very definitely
contribute to random response of vehicle.

Reference Height (ground winds): The height above the ground
surface (natural grade) at which wind speeds are referred for establishing
climatological conditions, reference for construction of design wind profiles,
and for statements of a space vehicle's wind constraints.

5.1.2 Inflight Winds.

Design Wind Speed Profile Envelopes: Envelopes of scalar or
component wind speeds representing the extreme steady-state inflight wind value
for any selected altitude that will not be exceeded by the probability selected for
a given reference period.

Inflight Winds: Winds above a height of about 150 meters.

Steady-State Inflight Wind: In this document, it refers to the mean
wind speed as computed by the rawinsonde system and averaged over approximately
600 meters in the vertical direction.

Reference Height (inflight winds): The height referred to in
constructing a synthetic wind profile.

Scale-of-Distance: The vertical distance between two wind
measurements (thickness of layer) used in computing wind shears.

Serial Complete Data: The completion of a sample of data
(selected period) by filling in (inserting) missing data by interpolation, by
extrapolation, or by use of data from nearby stations. Such an operation is
performed by professional meteorological personnel familiar with the data..

Shear Build-Up Envelope: The curve determined by combining
the reference height wind speed from the wind speed profile envelope with the
shears (wind speed change) below the selected altitude ( reference height) .
The shear build-up envelope curve starts at zero altitude and zero wind speed
and ends at the design wind speed value at the referenced altitude for inflight
wind response studies.




Synthetic Wind Speed Profile: A design wind profile repre-
senting the combination of a reference height design wind with associated
envelope shears (wind speed change) and gusts for engineering design and
mission analysis purposes.

Wind Shear/Wind Speed Change Envelopes: Value of the change
in wind speed over various increments of altitude ( 100 m to 5000 m) are
computed for a given probability level and associated reference height or
related wind speed value at the reference height. These values are combined,
and an envelope of the wind speed change is found to use in constructing
synthetic wind profiles. Usually the 99 percentile or larger probability levels
are used for design purposes.

5.1.3 General.
Calm Winds: A wind speed of less than one knot (0.5 ms ™).

Component Wind Speed: The equivalent wind speed that any
selected wind vector would have if resolved to a specific direction, that is, a
wind from the northeast (45-degree azimuth) of 60 ms  woulid have a compo-
nent from the east (90-degree azimuth) of (60) cos 45° = 42.4 ms .. This
northeast wind would be equivalent to a 42.4 ms ! head wind on the vehicle, if
the vehicle is launched on an east (90-degree) azimuth.

Percentile: The percentage of time that a variable does not
exceed a given magnitude. Section I, page 1.8 of this document should also be
consulted for more details on percentiles and probabilities. The following
relationships exist between probabilities and percentiles in a normal distribution
function:

Probability Level Percentile

Minimum 0.000
Mean - 30 (standard deviation) 0.135
Mean - 20 ( standard deviation) 2,275
Mean - 1o (standard deviation) 15.866
Mean + 0 ¢ ( standard deviation) 50.000
Mean + 14 (standard deviation) 84,134
Mean + 20 (standard deviation) 97.725
Mean + 3 o (standard deviation) 99,865

Maximum 100.000
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Scalar Wind Speed: The magnitude of the wind vector without
regard to direction.

Wind Direction: The direction from which the wind is blowing,
measured clockwise from true North.

Windiest Monthly Reference Period: Any month that has the
highest wind speeds at a given probability level.

Wind Shear: The difference between wind speeds measured at
two specific locations, that is, the rate of change of wind speed with height
(vertical wind shear) or distance (horizontal wind shear).




5.2 Ground Winds (0-150 meters)

5.2.1 Introduction.

Ground winds for space vehicle application are defined in this
report as those winds in the lowest 150 meters of the atmosphere. A vehicle
positioned vertically on-pad may penetrate this entire region. Therefore, it is
necessary to model the structure of the atmosphere in the vehicle's vicinity.
This requirement exists because of the complicated and possibly critical
manner in which a vehicle responds to certain wind profile configurations, both
while stationary on the launch pad and while in the first few seconds of launch,
especially for vehicle clearance of the service structure. The problem, there-
fore, may be resolved initially into the basic identification of the wind speed
profile and its behavior within the 150-meter layer.

Until recently, several years of average wind speed data
measured at the 10-meter level above ground were the only available records
with which to develop design and launch ground wind profile criteria. With
the evolution of larger and more sophisticated space vchicles, the requirements
for more adequate wind profile information have increased. For example, to
fulfill the need to provide improved ground wind data, a 150-meter meteoro-
logical tower facility was constructed on Merritt Island, Kennedy Space Center,
Florida, in close proximity to the Apollo/Saturn launch complex 39. Wind and
temperature profile data from this facility have been used in many new studies
that have contributed to a significant portion of the information in this chapter
on wind profile shaping, gusts, and turbulence spectra.

Since ground wind data are applied by space vehicle engineers
in various ways and degrees, dependent upon the specific problem, there are,
consequently, several analytical techniques utilized to obtain the results
presented here. Program planning, for instance, requires considerable
climatological insight, discussed in Sections 5.2.3 and 5.2.4, to determine
the frequency and persistence distributions for wind speeds and wind directions.
However, for design purposes the space vehicle must withstand certain unique
predetermined structural loads that are generated from exposure to known
peak ground wind conditions. The design ground wind profiles are described
in Section 5.2.5, and the ground wind turbulence spectra model is presented in
Section 5.2.6. These data contribute to the development of the ground wind
models. Surface roughness, thermal environment, and varioustransient local
and large-scale meteorological systems influence the ground wind environment
for each launch site. Other pertinent ground wind studies have been performed
on wind gusts and associated duration times (see Section 5.2.7) that directly
affect the response characteristics of space vehicles.
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5.2.2 Measurement of Ground Winds,

Ground wind speeds and directions are normally measured by
anemometers and wind vanes, respectively. Operational anemometers and
wind vanes are common both as single sensing units and as separate units for
speed and direction sensing. The single sensing unit resembles an airplane
fuselage with a tail fin and a propeller. Wind direction is provided by the
fuselage and tail fin, while the propeller provides a measure of wind speed.
This system, as is common to all wind systems of this type, has a relatively
slow response with respect to wind speed; that is, it will respond to (measure)
only about 50 percent of the amplitudes of wind gusts with a period of 4 seconds
when the mean wind speed is 5 ms * (Ref. 5.6).

The separate speed and direction type of unit consists of cups
to measure wind speed and a separate vane to measure wind direction. In
general, the cup-vane systems have a better frequency response than the single
sensing unit. For example, the cup-vane system is capable of indicating about
50 percent of the amplitudes of wind gusts with a period of 1 second when the
mean wind speed is 5 ms  (Ref. 5.7). The response of the vane to wind
direction is generally characterized by the vane's damping ratio. A vane can
be fabricated to have a given damping ratio. For the most part, the vanes used
to obtain wind direction at Marshall Space Flight Center and at Kennedy Space
Center have a damping ratio of 0.6.

When measuring average or mean wind speeds for time
averages of several minutes, either of the above anemometer types provide
reliable data. However, because of their slow responses, neither is suited for
resolving gust frequencies above approximately one cycle per second. Most
climatological wind measurement records available today used to establish
quasi-steady-state winds are based on these sensors which are adequate for this
purpose.

Higher frequency gusts are usually measured by research
oriented anemometers. These anemometers, which are usually composed of
hot wires, hot film, sonics, bivanes, etc., are not commonly used because of
operational and other difficulties. Some of the higher frequency gust data are
based primarily upon measurements from anemometers of the research type.
High-frequency gust data do not exist in large quantities and are generally
available only from the original investigator.

Measurement of wind speeds and directions presents an
additional problem; that is, it is usually necessary to place the instrument in
the airstream being measured and to install towers or poles in the vicinity to
hold the measuring instruments. Such obstructions to the natural environment
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may cause interterence to the normal air flow and can result in measurements
that do not represent the true air flow. See References 5.8 and 5.9 for more
details of this problem.

5.2.3 Ground Wind Climatology for the Eastern Test Range, Florida,

All wind observations described in this section were made on
Cape Kennedy at a reference height of 10 meters* above natural grade. The
hourly peaks were extracted from continuous wind records, the peak being
the highest instantaneous wind speed (and associated direction) occurring
during each hour. Steady-state winds were averaged over approximately two
minutes and recorded at hourly intervals.

5.2.3.1 General Characteristics.

Some general characteristics of the Cape Kennedy surface
winds are illustrated in Figures 5.2.1 thru5.2.5. (The maximum speeds
shown occurred during the period Sept. 1958 - Dec. 1966, exclusive of
hurricanes.) First, the diurnal change of wind speeds — light in the morning
and stronger in the afternoon — is clearly shown by the hourly variability of
percentiles in Figures 5.2.1 and 5.2.2. The greater diurnal wind speed
variation in July is evidence of the association between wind generating forces
and wind speeds. In summer, with weak pressure gradients, the diurnal
thermal effects control the wind regime. Of course, during this season,
afternoon thunderstorms produce most strong winds. In winter, the pressure
gradient is stronger, thermal effects are less pronounced, and strong winds
are more evenly distributed throughout the day.

Figures 5.2.3 and 5.2.4 also illustrate the diurnal variation
of winter (January) and summer (July) peak wind speeds. From these
cumulative percentage frequency plots, it is apparent that moderately strong
winds, = 15-25 knots, occur more frequently in winter, while the possibly
destructive winds of > 25 knots are more likely during a summer afternoon.

Secondly, the seasonal change of surface peak wind speeds,
Figure 5.2.5, is less than some diurnal changes. All hours of the day were
combined to produce the percentiles for the monthly reference periods shown
here. Consequently, we see a slight decrease in the summer wind speeds.

* For design and reference purposes, the 18. 3 meter reference level wind
values are used in engineering documentation for Kennedy Space Center based
on agreements with Marshall Space Flight Center. A reference level should
always be stated when discussing ground winds.
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Although the general characteristics of the ground winds apply
equally to peak and steady-state, there is a very significant difference in
speed. For example, after combining all hours in January, 90 percent of the
steady-state winds were < 14 knots, while 90 percent of the hourly peaks were
=22 knots. The occurrence of the peak wind speed is generally the more
important and meaningful statistic to aerospace problems. Also, operationally,
it is much easier to monitor peak wind speeds.

5.2.3.2 Frequency of Calm Winds.

Generally, design criteria wind problems are concerned with
high wind speeds, but a condition of calm or very low wind speeds may also be
important. For example, with no wind to disperse venting vapors such as
LOX, a poor visibility situation could develop around the vehicle, Table 5 2.1
shows the frequency of calm winds at the 10-meter reference height as a
function of time of day and month. The maximum percentage of calms appears
in the summer and during the early morning hours, with the minimum percentage
appearing throughout the year during the afternoon.

5.2.3.3 Standard Vector Distribution Wind Rose.

Although peak wind speeds are generally more useful, some
engineering problems require steady-state wind inputs. Because the
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conventional wind roses have few applications to aerospace problems, it was
decided to depict the steady-state surface winds by means of the Standard
Vector Distribution Wind Rose (Ref. 5.10). These circular or elliptical
representations are considered superior to conventional wind roses, although
ground winds, in general, consist of mixed distributions.

TABLE 5.2.1 FREQUENCY (%) OF CALM WIND AT THE 10-METER LEVEL,
CAPE KENNEDY, FLORIDA

Hour Month
EST Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Annual
00 4.8 4.0 3.6 1.3 7.3 9.2 1.7 13.7 6.3 6.9 6.3 6.0 6.8
01 2,8 1.3 2.4 1.7 8.9 8.3 10.9 14,1 7.4 4.8 6.3 6.5 6.3
02 4.8 2.2 36 2.9 7.7 10,0 11,7 13.7 10.4 7.3 5.4 4.0 7.0
03 5.2 3.1 2.0 3.8 8.5 12,1 11,3 17.3 12.¢ 5.2 2.9 3.2 7.3
04 2,8 4.4 2.4 3.8 5.2 13.8 14,5 13,7 10,8 5.2 4.6 2.8 7.0
05 4,4 4.0 3.2 2.9 9.7 16.3 153 18,5 3.3 3.6 4.6 4.4 8.4
06 4.4 4.0 4.4 2.9 8.9 16.3 19.8 19,0 13.3 3.2 50 5.2 8.9
07 3.6 4.4 4.8 6.3 10.5 16.7 18,1 19,4 15.8 4.4 5.4 5.6 9.6
08 3.6 6.6 6.5 2.9 2.4 5.4 6.0 6.9 4.6 4,0 8.8 4.4 5.2
09 3.6 1.8 2,0 2.t 2.8 3.8 4.8 1.6 4,2 0.8 4.6 5.6 3.1
10 0.4 1.8 1.6 1.7 0.4 3.8 4.0 2.8 2.1 K 1.3 2.4 1.8
11 0.4 1.3 1.2 1.7 0.8 1.3 2.4 0.8 2.9 0.8 1.7 0.8 1.3
12 1.6 0.4 * B * 0.8 0.8 0.4 1.3 0.4 2.1 1.2 0.8
13 2.0 0.4 # * 0.4 1.3 0.4 1.6 0.8 0.4 1.7 0.4 0.8
14 0.8 4.0 0,8 0.4 0.4 0.8 1.2 1.6 1.3 0.8 * 0.4 0.7
15 0,4 1.3 * * * 0.8 0.4 1.6 2.5 0.4 0.4 0.4 0.7
16 0.4 0.4 0.4 * 0.8 0.4 0.8 0.4 1.3 0.8 * 0.8 0.5
17 1.6 0.4 * 0.4 0.4 2.1 0.8 3.2 2.1 1,6 1.7 2.0 1.4
18 4.0 1.8 0.8 0.4 1.6 2.5 3.2 4.0 2.9 1.2 50 7.7 2.9
19 2.8 3.5 2.0 * 1.6 5.0 2.8 5.2 4.6 1,2 7.1 6.5 3.5
20 4.4 3,5 2.8 1.7 3.2 6.7 5.6 8.5 7.5 t.6 6.3 6.0 4.8
21 5.2 4.0 3.2 1.3 4.8 7.5 10.5 8.9 8.3 4.4 5.0 6.0 5.8
22 3.6 2.2 2.4 1.7 6.0 7.5 7.7 12.9 7.9 4.8 6.3 5.2 5.7
23 56 3.5 4,8 0.8 6.5 8.3 10.5 15,3 10.0 5.6 4.6 5.2 6.8
All Hours 3.t 2,5 2,3 1.7 4.1 6.7 1.3 8.6 6.4 2.9 4.0 3.9 4.5

#* values < 0, 4 percent

An individual wind observation, Vi’ is a vector composed of a
direction and a speed. The direction, 91, is measured clockwise in degrees
from north., The speed, IVi |, is measured in knots for this illustration. The
resultant vector, Vr’ of the individual wind vectors in a distribution likewise
consists of a direction, 6, and a speed, IVrI . These and other statistics
listed in Table 5.2.2 are defined as follows:

Resultant Wind Direction (6) is the angle of the resultant
derived from the following relation:

= =
0 = arctan — or tan 6 =— . (1) 5.2.3
2y 2y
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Each wind observation is separated into its zonal, X, and meridional, y,
components; X is positive from the west, y is positive from the south.

N
ox = Z |V, | sin (6, + ™) (2) 5.2.3
1

= (zx)?

%N N-1 T N(N-1) (3) 5.2.3
N
Zy= ; IVil cos (91+ T) (4) 5.2.3
_ [ =y (Zy)?
o=J N1 " Ny - (5) 5.2.3

Resultant Wind Speed (Vr) is the magnitude of the resultant

wind vector computed from

> 2 = 2
lvr|=f( X) ﬁ“}( y)© (6) 5.2.3

Vector Standard Deviation of Wind Velocity (O'V) is the

standard deviation of the distribution of the origins of the wind vectors about
the origin of the resultant wind vector. In the diagram below, the symbols
"O" represent the origins of the individual wind vectors, each vector
terminating at the origin of the x and y axes. The vector, Vr’ with origin at

Or’ as shown in Figure 5.2.6, is the resultant wind vector. The magnitude of
the circle about Or is proportional to the value of the vector standard deviation,
O s and is expressed in knots. Here, the use of o, assumed that the

distribution of the origins of the individual wind vectors is circular with
respect to the point, Or'
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TABLE 5.2.2 STANDARD VECTOR DEVIATION GROUND WIND STATISTICS
FOR THE EASTERN TEST RANGE, FLORIDA (10 METER
REFERENCE HEIGHT)

Month 0 \Y o o g T b4 {7 N
_ r v a b
Jan 316 |2.188 | 9.189 | 7.291 | 5.592 | -0.184 {112 | 8.4 | 5952
Feb 286 | 1.285 |10.215 | 8.005 | 6.346 | -0.203 | 121 | 9.2 | 5424
Mar 265 |0.370110.205 | 7.955 | 6.393 | -0.193 951 9.1 | 5952
Apr 110 | 2.500 ] 9.520 | 7.335 | 6.068 | -0.178 | 125 | 8.9 | 5760
May 106 13.227| 8.006 | 5.869 | 5.445 | -0.056 {156 | 7.7 | 5952
June 141 1 2.994 | 7.479 | 5.134 | 5.017 0.023 48 | 6.8 | 5760
July 153 | 3.663 | 6.409 | 5.076 | 3.913 | -0.049 | 174 | 6.5 | 5952
Aug 133 | 2.239 | 6.563 | 4.955 | 4.304 0.114 27 1 5.9 | 5952
Sept 88 [3.512 | 8.319 | 6.306 | 5.426 0. 149 43 | 7.6 | 5760
Oct 35 [ 3.519 | 8.849 | 6.424 | 6.086 | -0.042 | 154 | 8.5 | 5952
Nov 14 [2.140 | 8.698 | 6.802  5.422 | -0. 220 | 130 | 7.9 } 5760
Dec 329 |2.625| 8.808 | 6.887 | 5.491 | -0.201 | 122 | 8.1 | 5952
O O-v
o
0
o/ o o 0o O
0 0 0
r 0 0
<, 0 0 )

FIGURE 5.2.6 DIAGRAM OF THE VECTOR STANDARD DEVIATION OF
GROUND WIND VELOCITY
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Standard Deviation of Wind Components Along the Major and
Minor Axes of the Distribution (oa) and ( Gb) : If the origins of the individual

wind vectors are distributed in an elliptical rather than a circular pattern, a
major and a minor axis of the ellipse exist. The standard deviations, cra and

o, are the square roots of K; and K,, respectively, where K; and K, are the

roots of the determinant

¢ -K cor

X Xy -0
2

oogr " -K

Xy X

The larger value of K applies to the major axis, the smaller value, to the
minor axis.

Correlation Coefficient of Zonal and Meridional Components
(r): Ina truly circular distribution there is no correlation between the zonal
and meridional components of the individual wind vectors; that is, r = 0. Since
this is rarely the case, the correlation coefficient can be computed from

NZxy - ZxZy
NND o : (7) 5.2.3
Xy

r:

Angle of Rotation of the Major Axis of the Wind Distribution
(¥): The angle, ¥, is the angle of rotation of the ellipse, measured from the
east-west or zonal axis counterclockwise to the major axis of the distribution.
It is derived from

- —21-— arctan [2rcrxoy/(o; - o;)] ) (8) 5.2.3

The scalar mean wind speed (X_/’) is as follows:

ZlV, |
1 -

V =
< . (9) 5.2.3

The Total Number of Observations (N) is the total number of
wind observations included in the frequency distribution and in the calculations.
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probability is 0.50 that winds will occur within a circle of radius MUV (an
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To obtain the radius of a circle (radii of an ellipse) that will
contain a specified percentage of the wind vector origins, a multiplier can be
obtained from the appropriate curve of Figure 5.2.7.

For example, the
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All Figures are for a 10 meter Reference Height
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ellipse of radii Mcra1 and Mob) . From the curve for circulardistributions a

value of M =0, 83 is obtained, while from the elliptical distribution curve a value
of M=1.2 is found.

The circular and elliptical standard vector deviation wind
roses of Figures 5.2.8 thru 5.2. 11 were prepared from the January and July
wind statistics given in Table 5.2.2. As indicated in the previous discussion,
the percentage label on each circle or ellipse indicates the percent of wind
vectors that will originate in that circle or ellipse.

The analysis of ground wind data for other ranges (Western
Test Range, Wallops Island Test Range, and White Sands Missile Range) will

be published when available.

Results of a study of 31 years of wind data from a 250-foot
(76.2-m) tower at Wallops Island, Virginia are given in Reference 5. 11.

5.2.4 Exposure Period Probabilities.
5.2.4.1 Considerations in Ground Wind Design Criteria.

To establish the ground wind design criteria for aerospace
vehicles, several important factors must be considered.

a. Where is the vehicle to operate ? What is the launch
location?

b. What are the proposed vehicle missions ?

c. How many hours, days, or months will the vehicle be
exposed to ground winds ?

d. What are the consequences of operational constraints
that may be imposed upon the vehicle because of wind constraints ?

e. What are the consequences if the vehicle is destroyed or
damaged by ground winds ?

f. What are the cost and engineering practicalities for
designing a functional vehicle to meet the desired mission requirements ?
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g. What risk that the vehicle will be destroyed or damaged
by excessive wind loading?

In view of this list of questions or any similar list a design
group may enumerate, it becomes obvious that, in establishing the ground
wind environment design criteria for a space vehicle, an interdisciplinary
approach between the several engineering and scientific disciplines is required;
furthermore, the process is an interative one. To begin the interative process,
specific information on ground winds is required. Section (5.2.5) presents
wind statistics for this purpose.

5.2.4.2 Introduction to Exposure Period Analysis.

Valid, quantitative answers to such questions as the following
are of primary concern in the design, mission planning, and operations of
space vehicles.

a. How probable is it that the peak surface wind at some
specified reference height will exceed (or not exceed) a given magnitude in
some specified time period ?

b. Given a design wind profile in terms of peak wind speed
versus height from 10- to 150 meters, how probable is it that the design
wind profile will be exceeded in some specified time period ?

Given a statistical sample of peak wind measurements for a
specific location, the first question can be answered in as much detail as a
statistical analysist finds necessary and sufficient. This first question has
been thoroughly analyzed for Cape Kennedy, but not for the other locations
of interest to NASA, and will be answered in detail in the following pages of
this Section.

The analysis becomes considerably more complex in
answering the second question. A wind profile model is required, and, to
develop the model, measurements of the wind profiles by properly instrumented
meteorological towers are required as well as a program for scheduling the
measurements and data reduction. Every instantaneous wind profile is unique;
similarity is a matter of degree. Given the peak wind speed at one height,
there is a whole family of possible profiles extending from the specified wind.
For each specified wind speed at a given height, there is a statistical
distribution of wind profiles. These distributions are presented in a model in
Section 5.2.5; the design wind profile is specified in Section 5.2.5.3 for
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Cape Kennedy; and recommended profile shapes for other stations are given in
Section 5.2.5.5. The analysis needed to answer the second question is not
complete, but we can make the assumption that, given a long period of time,
the design wind profile shape will occur for a specified wind speed at a given
height. In the event that a thunderstorm passes across the vehicle, it is
logical to assume that the design wind profile shape will occur and that the
chance of the design wind profile being exceeded is the same as the probability
that the peak wind during the passage of the thunderstorm will strike the
vehicle or point of interest. Some statistics on peak winds at a point in
association with thunderstorms for Cape Kennedy are presented in Section
5.2.10.

5.2.4.3 The Development of Exposure Period Concepts.

In Reference 5. 12, Court proposed the concept of '"calculated
risk'' as wind design criteria for facilities; Gumbel (Ref. 5. 13) uses Court's
term '""calculated risk" in this connection. With an aerospace vehicle exposed to
the surface winds on the pad, it becomes obvious thatthe longerthe vehicle is
exposed, the higher the probability becomes that the vchicle will experience ahigh
wind speed. From this simple notion, the concept of exposure period statistics
for daily peak winds for from one day exposure to one year exposure, were
computed (Ref. 5.13). As originally conceived, an exposure period probability
is an empirical statistic of winds near the ground, derived from a time ordered
sample that involves counting the exceedance of wind speeds equal to or
greater than specified magnitudes, taking all possible combinations in time
increments. The procedure is that of counting as events the occurrence of
wind speed greater than or equal to specified values, in overlapping time
increments. Such a system of counting is found in combinational analysis.

Another technique that gives identical results is to derive
the exceedances from an analysis of runs. This procedure is indicated by
means of an example in Section 5.3.4.1. Thus, an exposure period statistic
expresses the probability that an event will occur one or more times in k-
consecutive time intervals. The probability of the event may vary with respect
to time (from trial to trial) without invalidating any fundamental principle.
The principle of multi-event probabilities, upon which calculated risk is based,
requires the probability from trial to trial to remain constant. Use of this
concept will be made in establishing calculated risk for facilities design. The
main difficulties in using empirical exposure period probabilities are that no
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simple model for the statistics exists, a large sample is required, the obser-
vations should be serially complete, and, since the statistics are empirical,
comparisons for generalizations are difficult, and extrapolations beyond the
observed sample range are not possible. When the variable of interest is the
largest in a set of observations, a model including extreme values seems
appropriate. The theory of extreme values developed by Gumbel (Ref. 5. 13)
was found to be an efficient and adequate statistical model for the analysis of
peak ground wind speeds for vehicle design and mission planning purposes.

It is the application of this model that will be developed in Section 5.2.4.4.

5.2.4.4 Development of Extreme Value Samples.

It has been estimated that only a few seconds are required for
the wind to produce steady drag loads on a vehicle such as the Saturn V when
it is in an exposed condition on the launch pad. Because of vortex shedding, a
steady wind as low as 9 m/s (18 knots) blowing for 15 or more seconds may
introduce dynamic loads on a vehicle while it is in some configurations. For
these and other reasons given in Section 5.2.5, we have adopted the peak wind
speed as our fundamental measurement of wind. More importantly, when the
engineering applications of winds can be made in terms of peak wind speeds, it
is possible to obtain an appropriate statistical sample that conforms to the
fundamental principles of the extreme value theory. One hour is a convenient
time interval from which to select the peak wind. After a brief description of
statistical samples for the analysis of extreme value statistics, the analytical
treatment and specific statistics of peak winds will be presented.

5.2.4.4.1 Hourly Peak Winds for Cape Kennedy.

From the continuously recording charts, the highest
instantaneous wind speed ( and associated direction) that occurred during each
hour was selected for the data sample. The resulting sample of hourly peak
wind speeds (and associated directions) has only been completed for Cape
Kennedy, Florida. The reference height for these data is 10 meters above
natural grade. The original period of record was from September 1958 to
December 1966, with missing data from March 1961 to November 1961 and from
November 29, 1962, to March 31, 1963. This sample has proven to be very
useful for many aerospace problems and is being continuously updated to add
more years of data. A reference period is then the basic interval normally
taken as the monthly, seasonal, or annual period for which a sample of like
variables is summarized statistically.
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5.2.4.4.2 Daily Peak Winds.

Daily peak wind samples were obtained from the hourly peak
wind sample. Since the diurnal variation in the wind magnitude is eliminated
by this sample, the daily peak winds become an interesting sample to analyze.
It was also found that the percentiles of daily peak winds are only slightly
greater than the corresponding percentiles for hourly peak winds taken in the
afternoon hours. This is particularly true for the summer months at Cape
Kennedy, which indicates that the peak wind for the day often occurs during the
afternoon.

5.2.4.4.3 Monthly -Bimonthly-Trimonthly and Yearly Peak Wind.

For each higher order sample of largest peak wind, the sample
size decreases proportionately; for example, a sample size of monthly peak
winds taken from a sample of daily peak winds is reduced by a factor of 1/30.

A larger sample of monthly and yearly peak winds than was available from the
8 years of hourly peak winds was needed; therefore, the monthly peak winds
were obtained from the standard weather records form WBAN-10 for the period
1950 to 1958 and from the hourly peak wind records from 1958 to 1966. Thus,
17 years of monthly peak winds were obtained.

From the monthly peak winds, it is convenient to obtain the
largest peak wind in 2-month periods, in 3-month periods, etc. The largest
peak wind in each year is referred to as the yearly peak wind. From the
hourly peak wind sample, the largest magnitude for any desired period greater
than one hour can be obtained. For particular mission analysis problems,
these samples have been grouped as 3-hour, 6-hour, 9-hour, 12-hour, 15-hour,
21-hour, 24-hour, or daily peak winds for beginning times at 0000 EST,

0300 EST, etc. This analysis has not been completed, and so could not be
included in this document. Other groupings of hourly peak winds include:

a. Hourly peak winds grouped by all like hours for like months.
b. All hourly peak winds for like months.
c. All hourly peak winds for the period of record.
By definition, groupings a and b are hourly peak winds
grouped by like hours; all hourly peak winds grouped by like months are

summarized by monthly reference period, and groupings like ¢ above are
referred to as ""annual reference periods."
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5.2.4.4.4 Treatment — Hurricane Winds.

Since some vehicle operations are not conducted during the
presence of a hurricane in the Cape Kennedy area, the statistical analysis for
the wind samples were treated both with and without hurricane influenced
winds. An arbitrary rule for excluding a hurricane influenced wind was
established. If a hurricane was within a 400-nautical mile radius of Cape
Kennedy, and if the winds at the Cape exceeded 35 knots, the winds during which
this condition existed were removed from the sample, resulting in more
homogeneous samples and more systematic month-to-month wind statistics.
From a sampling point of view, hurricane winds could be considered as a
separate population. Peak winds in association with thunderstorms are,
however, included in all samples used in the development of the design wind
criteria. The frequency of hurricanes for various distances from Cape Kennedy
is discussed in Section 5.2. 10.

5.2.4.4.5 Analytical Treatment.

The fundamental statistical principles used in this analysis are
based upon Gumbel's extreme value theorem (Ref. 5. 13), Fisher's and
Tippett's (Ref. 5. 15) extreme value distribution functions, and Thom's
Fréchet Distribution (Ref." 5. 16) .

For Cape Kennedy, the computational forms that are valid for
the distributions of largest values of peak winds for 1 hour to 24 hours annual
reference period, hurricane winds excluded, are,

x (t) = 12.100+ 2.36982 Int (1) 5.2.4

o (t) =6.00+ 0.03578 Int , (2) 5.2.4
N
where t is time in hours and the units for x and o  are in knots.

The corresponding equations valid for 1 day to 365 days are
x(t) = 19.6314 + 4.95788 In t (3) 5.2.4

and
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o =6.1137+ 0.47287 Int (4) 5.2.4
*(N)

where t is time in days and the units for x and ¢ are in knots.

Upon substitution of Equations (1) 5.2.4 and (2) 5.2.4 and also
Equations (3) 5.2.4 and (4) 5.2.4 into the following:

x = x(t) + % o (t) (y - ) . (5) 5.2.4

where y = -In [- In €] and vy is Euler's constant of 0.57722

then the distributions of the largest peak wind at the 10-meter level, for Cape
Kennedy, annual reference period, hurricane winds excluded, can be evaluated
for 1 hour to 24 hours and from 1 day to 365 days. Resulting evaluations for
selected distributions are given in Table 5.2.3. From the properties of the
Gumbel distribution at y= 0, ® = 0.36788, and the corresponding statistic, the
36.788 percentile is the mode. (The mode of a set of measurements is defined
as the measurement with the maximum frequency). The median is the 50th
percentile, which corresponds to the reduced variate, y=0.36651, and the mean
is the 57.040 percentile, which corresponds to y = 0.57722 = v.

TABLE 5.2.3 GUMBEL DISTRIBUTIONS OF LARGEST PEAK WINDS
(10-m level), ANNUAL REFERENCE PERIOD, HURRICANE WINDS
EXCLUDED, CAPE KENNEDY, FLORIDA

y @ U 1 Hour | { Day | 2 Days 10 Days | 15 Days | 30 Days | 60 Days |} 90 Days | 180 Days | 365 Days
0.00000 | 0.36788 | 0.63212 9.40 16.88 | 20.17 27.81 29.73 33.02 36.31 38.23 41,52 44,88
0.08742 | 0.40 0.60 9.814 17.30 | 20.61 28.30 30.23 33.55 36.86 38.79 42.10 45.48
0.36651 | 0.50 0.50 11,11 18.63 | 22,04 29.86 31.84 35.23 38.61 40.59 43.97 47.42
0.57722 | 0.57040 | 0.42960 | 12.10 19.63 | 23,07 31.05 33.06 36.49 39.93 41.94 45,38 48.88
0.67173 | 0.60 0.40 12,54 20.08 | 23.54 31.58 33.60 37.06 40.52 42.55 46.01 49 .54
1.03093 | 0.70 0.30 14,22 21.79 | 25.35 33.60 35.67 39.23 42,78 44.86 48.41 52.03
1.49994 | 0.80 0.20 16,42 24.03 | 27.70 36.23 38.38 42,05 45,72 47.87 51.54 55.29
2.25037 | 0.90 0. 10 19.93 27.61 | 31.47 40,44 42.70 46.57 50.43 52.69 56.56 60.50
2.97020 | 0.95 0.05 23.29 31.04 | 35.09 44,49 46.85 50.90 54.95 57.32 61.37 65.49
4.60016 | 0.99 0.01 30.92 38.81 | 43.27 53.64 56.25 60.72 65. 18 67.79 72.26 76.81
6.90726 | 0.999 0.001 41.71 49.81 | 54.86 66.60 69.55 74.61 79.66 82.62 87.61 92.83

1-¢=0U
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Other percentiles of common usage are also given in Table 5.2.3. The
probability that the largest peak wind in a given time will be less than or equal
to the tabulated values is read directly from Table 5.2.3. The probability
that the wind will exceed the tabulated values is 1 - ®, For example, there is
a 50-percent chance that the daily peak wind at the 10-meter level, annual
reference period, hurricane winds excluded, will be less than or equal to
18.63 knots, and a 50-percent chance that the daily peak winds for this
reference period will exceed 18.63 knots. An alternate view for this reference
period is that 50-percent of the days taken over several years will have daily
peak winds that are greater than 18,63 knots at least one time within each

day. Similarly, 50-percent of the months (30-day period from Table 5.2. 3)
over several years will have peak winds exceeding 35.23 knots at least one
time within each month.

5.2.4.5 Envelope of Distributions.

In the development of the statistics for Table 5.2.3, it was
recognized that the probability of hourly, daily, and monthly peak winds
exceeding (or not exceeding) specified values varied with time of day and from
month to month. In other words, the distributions of like variables were
different for the various reference periods. Even so, the Gumbel distribution
was an excellent fit to the samples of all hourly, daily, monthly, bimonthly
(in two combinations), and trimonthly (in three combinations) periods taken
over the complete period of record, justifying the presentation of these
distributions; they serve as a basic reference for the statistics of peak wind
for the annual reference period. However, in establishing vehicle wind design
criteria for the peak winds versus exposure time, it is desired to present a
simple set of wind statistics in such a manner that every reference period and
exposure time would not have to be examined to determine the probakility that
the largest peak wind during the exposure time would exceed some specified
magnitude. To accomplish this objective, envelopes of the distributions of the
largest peak winds for various time increments from which the extremals were
taken for the various reference periods were constructed. A brief explanation
of the procedure follows.

First, the largest average and largest standard deviation
(UXN) of hourly, daily, and monthly peak winds for monthly reference periods,

the bimonthly and trimonthly peak winds for the respective reference periods,
and the mean and standard deviation (o_ ) for the yearly peak winds, including
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hurricane winds, were fit by the Gumbel distributions:
®(x) = exp[-e ] , where y = a(x - p) (6) 5.2.4
where « is a scale parameter, p is the mode

The computational equations for envelopes of largest mean
and standard deviations of the largest peak wind speed at the 10-meter level
versus time increments (from which the largest extremals were taken
including hurricane winds) are

x (t) = 18.00 + 1.5733 Int (7) 5.2.4

o (t) =6.86+ 0,044051Int , (8) 5.2.4

valid for 1 hour to 24 hours, and
x(t) =23.00+4.8755Int (9) 5.2.4

axN(t) =17.00+ 1.17606 Int , (10) 5.2.4

valid for 1 day to 365 days where the units for x and ¢ are in knots.

Equations (7) 5.2.4 and (8) 5.2.4, and Equations (9) 5.2.4
and (10) 5.2.4 are substituted into Equation (5) 5.2.4 and evaluated at
various values of t. This procedure gives the envelopes for the Gumbel
distributions. Selected envelopes of distributions are shown in Table 5.2.4
It is recommended that the envelope of distributions be used for vehicle wind
design considerations. This recommendation is made under the assumption
that it is not known what time of day or season of year critical vehicle oper-
ations are to be conducted; furthermore, it is not desirable to design a vehicle
to operate only during selected hours or months. Should all other design alter-
natives fail to lead to a functionally engineered vehicle with an acceptable
risk of not being over stressed by wind loads, then distributions for peak winds
by time of day for monthly reference periods may be considered for limited
missions. For vehicle operations, detailed statistics of peak winds for specific
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TABLE 5.2.4 ENVELOPE OF GUMBEL DISTRIBUTIONS OF LARGEST PEAK

WINDS (10-m level), ANNUAL REFERENCE PERIOD, HURRICANE WINDS
INCLUDED, CAPE KENNEDY, FLORIDA

y @ u 1 Hour | 1 Day | 2 Days { 10 Days | 15 Days | 30 Days | 60 Days | 90 Days | 180 Days | 365 Days
0.00000 | 0.36788 | 0.63212 | 14.91 19.85 | 22.86 29.86 31.62 34,63 37.64 39.41 42.42 45.49
0.08742 | 0.40 0.60 15.38 20.33 | 23.39 30.52 32.31 35.38 38.45 40.24 43.31 46,44
0.36651 | 0.50 0.50 16.87 21.85 | 25.10 32.63 34.53 37.78 41.02 42,92 46. 16 49,47
0.57722 { 0.57040 | 0.42960 18.00 23.00 | 26.38 34,23 36.20 39.58 42.96 44,94 48.32 51.76
0.67173 | 0.60 0.40 18.51 23.52 | 26.96 34.94 36.75 40.39 43.83 45,84 49.28 52.79
1.03093 | 0.70 0.30 20.43 25.48 | 29. 14 37.66 39.81 43.47 47. 14 49.29 52.95 56.70
1.49994 | 0.80 0.20 22.94 28.04 | 32.00 41.21 43.53 47.50 51.46 53.78 57.75 61.79
2.25037 | 0.90 0. 10 26,95 32.13 | 36.57 46,89 49.49 53.93 58.38 60.97 65.42 69.95
2.97020 { 0.95 0.05 30,80 36.06 | 40.96 52.34 55.21 60. 11 65.01 67.87 72.77 77.77
4,60016 | 0.99 0.01 39,52 44.96 | 50.89 64,68 68,15 74.09 80.02 83.49 89,43 95.49
6.90726 | 0.999 0,001 51.86 57.55 | 64,95 82, 14 86.47 93,87 101.28 105.61 113,01 120,56
1-& =0

missions are meaningful for management decisions, in planning the mission,

and in establishing mission rules and alternatives to the operational procedures.

To present the wind statistics for these purposes is beyond the scope of this

document.

Each space mission has many facets that make it difficult to

generalize and to present the statistics in brief form.

There are three informative graphic presentations of the

statistics contained in Tables 5.2.3 and 5.2.4. The first is the distributions

of Table 5.2.3, which are shown in Figure 5.2.12, and those of Table 5.2.4 are
shownin Figure5.2.13. Fromthesegraphsthe probability of the largest peak wind

at the 10-meter level, equal to or less than any specified value & {W=W=*},
can be interpolated for the indicated time periods. The probability that the

wind will exceed a given value ®{W>W?*} for the indicated time period is then
1 - ®{W=wW*}, Note that the slopes of the distributions increase with

increased time increments from which the extremals are selected. This
observation is also obvious from the empirical Equations, (4) 5.2.4,

and (10) 5.2.4. This shows that @ decreases and the o

increases
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FIGURE 5.2.12 GUMBEL DISTRIBUTIONS OF LARGEST PEAK WINDS
(10-m level), ANNUAL REFERENCE PERIOD, HURRICANE WINDS
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PEAK WINDS (10-m level), ANNUAL REFERENCE PERIOD, HURRICANE
WINDS INCLUDED, CAPE KENNEDY, FLORIDA
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with the selection of extremals from larger time bases. From the calculated

risk concept, U= 1 - [P]N, discussed in Section 5.2.4. 3, the slopes of all
these curves would be the same,

The second graphic presentations of Table 5.2.3 and 5.2.4 are
shown in Figures 5.2. 14 and 5.2. 15, where the probability of the winds
exceeding the given percentiles versus the time increment from which the
extremals are taken is plotted. Here we will depart from the original concept
of empirical exposure period probabilities and refer to these statistics as
fixed risk probabilities (U) versus exposure time, Here U is simply
(1 - ©)100 taken from Tables 5.2.3 or 5.2.4, From Figure 5.2. 15, taken from
the envelope of the distributions (Table 5.2.4), itbecomes immediately obvious
that to hold the exceedance probability fixed, then as the exposure time
increases the ®{W>W?} increases as a function of the logarithm of exposure
time. Suppose the design risk for the vehicle is set at U = 10 percent, then as
the exposure time increases from 1 day to 90 days, the design wind must be
32.13 knots (taken from Table 5.2, 3) for one day exposure and must increase
to 60.97 knots (taken from Table 5. 2.4) for 90 days exposure.

The third interesting graphic presentation is a cross-plot
from Figures 5.2. 12 and 5.2. 13, obtained by holding the wind speed of interest
fixed and interpolating for the exceedance probability versus the time increment
from which the extremals are taken (or exposure time).

o

e}

Wind Speed (ke
s
T

FIGURE 5.2. 14 EXCEEDANCE PROBABILITIES OF PEAK WINDS (10-m level)
VERSUS EXPOSURE TIME, HURRICANE WINDS EXCLUDED,
CAPE KENNEDY, FLORIDA
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FIGURE 5.2.15 EXCEEDANCE PROBABILITIES OF PEAK WINDS (10-m level)
VERSUS EXPOSURE TIME, HURRICANE WINDS INCLUDED,
CAPE KENNEDY, FLORIDA

A further evaluation for selected values of peak wind speeds
versus exposure time is shown in Table 5.2.5 for the distribution of peak winds,
annual reference period, excluding hurricane winds and in Table 5.2.6 for the
envelope of distributions, annual reference period, including hurricane winds.
These statistics are also illustrated graphically in Figures 5.2.16 and 5.2, 17.
By inspecting Table 5.2.5 or Figure 5. 2. 16, it becomes obvious that the
probability of exceeding a given wind speed increases with exposure time. Thus,
we have a measure in terms of probability for the simple notion set forth in
Section 5.2.4.3: the longer a vehicle is exposed on the pad to ground winds, the
higher the probability becomes that the vehicle will experience a high wind.

By applying the fundamental principles of extreme value
statistics to the analysis of peak wind samples for Cape Kennedy, and a set of
empirical functions to simplify the necessary computations, a unified approach
for establishing the basic peak wind statistics at the 10-meter level for aero-
space vehicle design winds has been derived. The procedure gives consistent
results in excellent agreement with the sample statistics and an objective
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technique to derive the required wind statistics. It is all-important for the
design engineering group to consider the probability that the largest peak wind
will be exceeded during the time the vehicle is to be exposed on the pad. The
statistics of peak wind speeds at the 10-meter level versus exposure times
developed in this section for Cape Kennedy are used in Section 5.2.5 to depict
the peak wind profile for various risks versus exposure time.

TABLE 5.2.5 EXCEEDANCE PROBABILITIES FROM GUMBEL DISTRIBUTIONS
OF LARGEST PEAK WINDS ( 10-m level), ANNUAL REFERENCE PERIOD,
HURRICANE WINDS EXCLUDED, CAPE KENNEDY, FLORIDA

Exposuve Peak Wind Speed (knots)
Time 15 20 25 30 35 40 45 50 55
1 Hour 0.26071 1 0.09854 1 0,03500 | 0.01216| 0.00419 | 0.00144 | 0.00050 0.00017 { 0.00006
1 Dayv 0,40524 | 0, 16644 0.06179 0.02209 0,00780 | 0.00274 0.00096 | 0.00034
2 Days 0.31762 0.13170 ] 0.05085 0.01910 | 0,00710 0.00263 [ 0,00097
S Days 0,59900 0.30200 0,13191 0.05414 | 0,02166 0.00858 | 0.00338
10 Davs 0. 49164 | 0.24251 0.10776 | 0.04573 0.01903 | 0.00786
15 Days 0.61488 [ 0.33026 0. 15499 | 0.06830 0.02928 | 0.01241
30 Days 0.51305 0.26922 | 0,12777 0.05784 { 0.02563
60 Davs 0.42609 | 0,.22147 0. 10673 | 0.04961
90 Davs 0.53207 | 0.29446 0.14802 | 0.07093
180 Days 0.44793 0.24504 | 0.12453
3635 Days 0.62551 0.37996 | 0.20753
5.2.4.6 Hourly Peak Winds 10-Meter Reference Height for Huntsville,
New Orleans, Western Test Range, Wallops Island, and
White Sands.

The basic reference for the hourly peak wind statistics for
these five stations are from TM X-53328 (Ref. 5.18). The hourly peak wind
statistics for the percentiles given in Tables 5.3A - 5.5B and 5.7A - 5. 8B of
Reference 5. 18 were derived by applying a 1.4 gust factor to the percentiles
derived from standard meteorological hourly wind measurements, which are
approximately 2-minute mean winds. The resulting hourly peak wind
percentiles were plotted on Gumbel probability graph paper and the param-
eters, @, and u, for the Gumbel distribution were estimated. These parameters
are presented in Table 5.2.7 along with selected percentiles. The percentile
values give the P{W =W}, which is the probability expressed in percent that
the hourly peak wind speed for the annual reference period will be less than or
equal to the tabulated values, and [1 - P] 100 = U% gives the P{W>W*}, which
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TABLE 5.2.6 EXCEEDANCE PROBABILITIES FROM ENVELOPE OF GUMBEL
DISTRIBUTIONS OF LARGEST PEAK WINDS (10-m level), ANNUAL
REFERENCE PERIOD, HURRICANE WINDS INCLUDED, CAPE KENNEDY,

FLORIDA
Exposure Peak Wind Speed ( knots)
Time 15 20 25 30 35 40 45 50 55

1 Hour 0.62611 | 0,.32043 | 0.14074 | 0.05782 | 0.02312 | 0.00914 | 0.00360 | 0.00141 | 0.00056
1 Day 0.62198 { 0.32240 | 0. 14419 | 0.06039 | 0.02461 | 0.00992| 0.00398 | 0.00159
2 Days 0.49291 | 0.25838 | 0.12329 | 0.05627 | 0.02517 | 0,01116 | 0.00493
§ Days 0.44524 | 0.24910 | 0.13002 | 0.06548 | 0.03239 | 0.01588
10 Days 0.58965 | 0.36879 | 0.21155 | 0.11554 | 0.06145 | 0.03223
15 Days 0.44351 | 0.26821 | 0.15327{ 0.08483 | 0.04613
30 Days 0.57018 | 0.37585 | 0.23136 | 0.13661 | 0.07873
60 Days 0.48943 | 0.32339 | 0.20311 | 0.12361
90 Days 0,.55492 | 0.38145 ) ©.24810 | 0. 15569
180 Days 0.48358 | 0.33312 | 0.21994
365 Days 0.58533 | 0.42630 | 0.29584

is the probability that the hourly peak winds will be exceeded at least one

time in an hour based upon the annual reference period; U is also referred to as
risk. The Gumbel distributions for the hourly peak winds for these stations

are presented in Figure 5.2, 18,

5.2.5 Design Wind Profiles (Vehicles).

To calculate ground wind loads on space vehicles, the engineer
requires specific information about the wind profile. The earth's surface is a
rigid boundary that exerts a frictional force on the lower layers of the
atmosphere, causing the wind to vanish on the boundary. In addition, the
characteristic length and velocity scales of the mean (steady-state) flow
in the first 150 meters (boundary layer) of the atmosphere combine to
yield extremely high Reynolds numbers with values that range between
approximately 10 and 10%, so that for most conditions (wind speeds > 1 ms_i)
the flow is turbulent. The lower boundary condition, the thermal and dynamic
stability properties of the boundary layer, the distributions of the large scale
pressure and Coriolis forces, and the structure of the turbulence combine to
yield an infinity of wind profiles.
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A FIXED RISK (U%), HURRICANE WINDS EXCLUDED, CAPE KENNEDY,
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In the past, most formulations from an engineering viewpoint
have been concerned with prescribing a mean wind profile from which a peak
wind profile is obtained by applying a gust factor. The mean wind profiles
that have been used include the logarithmic profile, the power law, the
modified power law, and the extended logarithmic profile (Ref. 5.19). These
profile "laws'" are used to extrapolate known mean wind statistics at a single
level to other levels. A gust factor is applied to obtain a peak wind profile.
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In the usual situation, one has a reasonably long record
(greater than 5 years) of wind speed data at a single level with which to
compile wind statistics and very little, if any, information about the behavior
of the vertical variation of wind speed. Accordingly, in many cases the profile
that is used to extrapolate wind statistics to various levels is a hypothesis
based upon meteorological, design, and operational considerations. To
circumvent these problems, an 150-meter meteorological tower was constructed
in the vicinity of launch complex 39 at Kennedy Space Center /Eastern Test
Range. The tower provides wind speed and direction data at the 18-, 30-, 60-,
90-, 120-, and 150-meter levels. A discussion of the tower and the instru-
mentation can be found in Reference 5.20. The availability of low level wind
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TABLE 5.2.7 PARAMETERS FOR THE GUMBEL DISTRIBUTION AND
SELECTED PERCENTILE VALUES FOR HOURLY PEAK WIND SPEED

(10-m reference height), ANNUAL REFERENCE PERIOD,
FOR THE INDICATED STATIONS

o © Percentiles
80th 90th 95th 99th 99.9th
o U=20% | U=10% | U=5% U=1% | U=0.1%
Station (knots) 7| (knots)| (knots) | (knots) | (knots) | (knots)| (knots)
Huntsville 0.3296 | 21,04 26 28 30 35 42
New Orleans 0.1735 5.68 15 19 23 32 45
Western Test
Range 0.2329 | 15.14 22 25 28 35 45
Wallops Island| 0.2063 | 15.80 23 27 30 38 39
White Sands 0.17711 16.04 24 29 33 42 55
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profile data has permitted the atmospheric scientists at NASA's George C.
Marshall Space Flight Center to modify and improve this procedure of
specifying design wind profiles.

5.2.5.1 Philosophy.

The fundamental wind statistics for the Kennedy Space Center
are based upon an 8-year sample of hourly peak wind speeds measured at the
10-meter level with a period of record from September 1958 through June 1967
and a 17-year sample of monthly and yearly peak winds with a period of record
from 1950 through 1967. The sample was constructed at the National Weather
Records Center, Asheville, North Carolina, by selecting the peak wind speed

that occurred in each hour of record

read from original wind records. An
example of a peak wind speed is given in
Figure 5.2.19. Peak wind statistics

<

10 A.M-'o

have three advantages over mean wind
statistics. First, peak wind statistics

60

do not depend upon an averaging oper-
Velocity PEAK WIND ation as do mean wind statistics. Sec-

ond, to construct a mean wind sample,
a chart reader or weather observer

10
.4

must perform an "eyeball" average of
the wind data, causing the averaging
process to vary from day to day,
according to the mood of the observer,
and from observer to observer. Hourly

o+ o

peak wind speed readings avoid this
subjective averaging process. Third,
to monitor winds during the countdown
phase of a space vehicle launch, it is
Wind Disection easier to monitor the peak wind speed
8 rather than the mean wind speed.

o

Smith et al. (Ref. 5.21) have
performed extensive statistical analyses
with the Kennedy Space Center and Cape
Kennedy peak wind speed sample. In
the course of the work, he and collab-
orators have introduced the concept of
exposure period probabilities into the
, - i design and operation of space vehicles.
FIGURE 5.2.19 EXAMPLE OF PEAK By determining the distribution functions

W IND SPEED RECORDS of peak wind speeds for various periods
of exposure (hour, day, month, year,




5.40

etc.), it is possible to determine the probability of occurrence of a certain
wind speed magnitude occurring during a prescribed period of exposure of a
space vehicle to the natural environment. Thus, if an operation requires, for
example, one hour to complete, and if the critical wind loads on the space
vehicle can be defined in terms of the peak wind speed, then it is the probability
of occurrence of the peak wind speed during a 1-hour period that gives a
measure of the probable risk of the occurrence of structural failure. Similarly,
if an operation requires one day to complete, then it is the probability of
occurrence of the peak wind speed during a 1-day period that gives a measure
of the probable risk of structural failure.

All probability statements concerning the capabilities of the
space vehicles that are launched at NASA's Kennedy Space Center are
prescribed in terms of Smith's peak wind speed exposure statistics. The
statistics are valid at the 10-meter level* . However, to perform loading and
response calculations resulting from steady-state and random turbulence drag
loads and von Karman vortex shedding loads, the engineer requires information
about the vertical variation of the mean wind and the structure of turbulence in
the atmospheric boundary layer. The philosophy at the George C. Marshall
Space Flight Center is to extrapolate the peak wind statistics up into the
atmosphere via a peak wind profile, and the associated steady-state or mean
wind speed profile is obtained by applying a gust factor that is a function of
wind speed and height.

5.2.5.2 Peak Wind Profile Shapes for Eastern Test Range.

To develop a peak wind profile model for the Eastern Test
Range, approximately 6000 hourly peak wind speed profiles measured during
the year of 1967 at the NASA /Kemnedy Space Center tower facility were analyzed.
The sample was comprised of profiles of hourly peak wind speeds measured
at the 18-, 30-, 60-, 90-, 120-, and 150-meter levels. The data appeared to
show that the variation of the peak wind speed in the vertical, below 150 meters,
could be described with a power law relationship given by

k
U(Z):U18_3<_1Z§_.3> s (1) 5.2.5

where u(z) is the peak wind speed at height z in meters above natural grade
and uyg 3 is a known peak wind speed at z = 18.3 meters. The peak wind is
referenced to the 18.3-meter level because this level has been selected as the
standard reference for the launch area, Kennedy Space Center. The parameter
k was determined for each profile by a least squares analysis of the data.

* A transformation to the 18. 3 meter reference level is made for Kennedy
Space Center applications of risk statements. See Section 5.2.5.5.1.
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A statistical analysis of the ETR peak wind speed profile data
revealed that for engineering purposes, k is distributed normally for any
particular value of the peak wind speed at the 18.3-meter level. Thus, for a
given percentile level of occurrence, it was found that for peak wind speeds
at the 18.3-meter level less than approximately 2 ms _1, k is approximately
equa.l_go a constant, while for peak wind speeds greater than approximately
2 ms

k = cu (2) 5.2.5

b

where uyg. 3 has the units of meter per second. The parameter, c, for
engineering purposes, is distributed normally with mean value 0.52 and
standard deviation 0.36. The distribution of k as a function ujg. 3 is depicted

in Figure 5. 2,20, The k + 30 values are used in design studies.,
5.2.5.3 Instantaneous Extreme Wind Profiles.

The probability that the hourly peak wind speeds at all levels
occur simultaneously is small. Accordingly, the practice of using peak wind
profiles introduces some conservatism into the design criteria.

To gain some insight into this question, approximately 35
hours of digitized magnetic tape data were analyzed. The data were digitized
at 0. 1-second intervals in real time and partitioned into 0.5-, 2-, 5-, and
10-minute samples. The vertical average peak wind speed ﬁP and the 18-meter

mean wind uy; were calculated for each sample. In addition, the instantaneous
vertical average wind speed time history at 0. 1-second intervals was
calculated for each sample, and the peak instantaneous vertical average wind

speed 11[ was selected from each sample. The quantity ﬁI/ L_1P was then

interpreted to be a measure of how well the peak wind profile approximates
the instantaneous extreme wind profile. Figure 5.2.21 is a plot of uI/uP

as a function of u;3. The data points tend {o scatter about a mean value of
u.I/uP =~ 0.93, which could mean that the peak wind profile will result in an

overestimate of ground wind loads by approximately 14 percent. However,
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FIGURE 5.2.20 DISTRIBUTION OF THE PEAK WIND PROFILE PARAMETER
k FOR VARIOUS WIND SPEEDS AT THE 18.3-METER LEVEL FOR THE
EASTERN TEST RANGE

some of the data points have values equal to 0.98, which could mean an over-
estimate of the loads by only 4 percent. Figure 5. 2.22 gives the average values

of ﬁI/ﬁP as a function of uyg for different averaging times (0.5, 2, 5, and 10

minutes) .
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FIGURE 5.2.21 THE RATIO ﬁI/ﬁP AS A FUNCTION OF THE 18.3 METER MEAN
WIND SPEED (uy;) FOR A 10-MINUTE SAMPLING PERIOD
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FIGURE 5.2.22 THE RATIO GI/ﬁP AS A FUNCTION OF THE 18.3 METER
MEAN WIND SPEED (u;5) FOR VARIOUS SAMPLING PERIODS

5.2.5.4 Peak Wind Profile Shapes for Other Test Ranges and Sites.

Wind profile statistics like those presented in Section5,2.5.2
are not available for other test ranges and sites. However, the exponent k in
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Equation (1) 5.2.5 is a function of wind speed, surface roughness, etc. For
moderate surface roughness conditions, the extreme value of k is usually
equal to 0.2 or less during high winds (~ 15 ms_l) . For design and planning
purposes for test ranges and sites other than the Eastern Test Range, it is
recommended that the values of k given in Table 5.2. 8 be used:

TABLE 5.2.8 VALUES OF k TO USE FOR TEST RANGES OTHER THAN
THE EASTERN TEST RANGE

k Value | 18.3-Meter Level Peak Wind Speed (ms )

k=0.2 7 5“18.3<22

k:0.14 22 sU18_3

The above values of k are the only values used in this report for sites other
than the Eastern Test Range and represent estimates for 99.87 percentile-
mean + 30 (0. 13 percent risk) values for the profile shape.

5.2.5.5 Design Wind Profiles.

The data presented in this section provide basic wind speed
profile (envelope) information for use in studies to determine load factors for
test, free-standing, launch, and lift-off conditions to ensure satisfactory
performance of the space vehicle. To establish vehicle design requirements,
the surface winds are assumed to act normal to the longitudinal axis of the
vehicle on the launch pad and to be from the most critical direction.

5.2.5.5.1 Design Wind Profiles for the Eastern Test Range.

Peak wind profiles are characterized by two parameters, the
peak wind speed at the 18.3-meter level and the shape parameter k. Once
these two quantities are defined, the peak wind speed profile is completely
specified. Accordingly, to construct a peak wind profile for the Eastern Test
Range, in the context of launch vehicle loading and response calculations, two
pieces of information are required. First, the risk value acceptable for
exposing the vehicle for a given period must be specified. Once this quantity
is given, the design peak wind speed at the 10-meter reference level is
automatically specified (See section 5.2.4). Second, the risk associated
with losing the vehicle once the 10-meter reference level design wind occurs
must be specified. This second quantity and the 10-meter peak wind speed will
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determine the value of k that is to be used in Equation (1) 5.2.5. To apply
Equations (1) 5.2.5 and (2) 5.2.5 to the peak wind statistics valid at 10 meters,
Equation (1) 5.2.5 is evaluated at z = 10 meters, and it is assumed that the
resulting relationship can be inverted to yield uy; 3 as a function of the 10-meter
level peak wind speed uy, for a fixed value of c. This function is then combined
with Equation (2) 5.2.5 to yield k as a function of uy, for a given value of c.

The validity of this inversion process is open to question because Equation (1)
5.2.5 is a stochastic relationship. However, preliminary analyses of profiles
that include peak wind information obtained at the 10-meter level appear to

show that this inversion is valid.

It is recommended that the k + 3¢ value of k be used for the
design and operation of space vehicles. Thus, if a space vehicle, designed
to withstand a particular value of the peak wind speed at the 10-meter level,
is exposed to that peak wind speed, the vehicle has at least a 99.87-percent
chance of withstanding possible peak wind speed profile conditions.

Table 5.2.9 contains peak wind speed profiles associated with
the 30 values of k for various values of risk of exceeding the indicated
10-meter level peak wind speeds for i-hour exposure period bascd upon an
annual reference period. Thus, for example, there is a 20-percent risk that
the peak wind speed, at the 10-meter (33-ft) level, will exceed 16.43 knots
if the vehicle is exposed to the natural environment during any arbitrary hour
of the year, and if the peak wind speed of 16.43 knots occurs at the 10-meter
level, then there is only a 0. 135-percent chance of the peak wind speed
exceeding 35.55 knots at the 152, 4-meter (500-ft) level. Similar comments
can be made about the other levels given in Table 5.2.9.

Tables 5.2. 10 through 5.2. 12 contain peak wind speed profiles
associated with the 3o values of k for various periods of exposure for 10-,
5-, and 1-percent risk values of exceeding the indicated 10-meter level peak
wind speeds based upon an annual period of reference. Thus, for example,
according to Table 5.2. 11, there is a 5-percent risk that the peak wind speed,
at the 10-meter level, will exceed 50.9 knots during any arbitrary 30-day
period of the year, and if the wind speed of 50.9 knots occurs at the 10-meter
level, then there is only a 0, 135-percent chance that the 152, 4-meter level peak
wind speed will exceed 72.5 knots.

Tables 5.2.9 through 5.2.12 are valid for an annual reference
period; however, the risks of encountering the indicated peak wind speeds at
the 10-meter level will be larger or smaller in some months than in other
months. For example, the month of February has higher hourly peak wind
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TABLE 5, 2.9™ PEAK WIND SPEED PROFILES FOR VARIOUS VALUES OF RISK
OF EXCEEDING THE 10-METER LEVEL PEAK WIND SPEED FOR 1-HOUR
EXPOSURE (annual reference period) BASED UPON 30 VALUES OF k,
CAPE KENNEDY, FLORIDA

Height Risk (%)

20 10 5 1 0.1

(m) (ft) knots ms_ knots ms knots ms knots ms knots ms -t

10.0 33 16.4 8.5 19.9 10.3 23.3 12.0 30.9 15.9 41.7 21.

[5:]

18,3 60 19.5 10.0 23,2 11.9 26.7 13.7 34.6 17.8 45.7 23.5
30.5 100 22.5 11.6 26.3 13.5 29.9 15.4 38.0 19.5 49.3 25.4
61.0 200 27.4 14.1 31.3 16.1 34.9 18.0 43.2 22.2 54.7 28.1
91.4 300 30.8 15.8 34.6 17.8 38.2 19.7 46.5 23.9 58.1 29.9
121.9 400 | 33.4 17.2 37.2 19.1 40.8 21.0 49.0 25.2 60.6 31.2

152.4 500 35.6 18.3 39.3 20.2 42.9 22.1 51.1 26.3 62,7 32.3

TABLE 5. 2,10 PEAK WIND SPEED PROFILES FOR A 10-PERCENT RISK OF
EXCEEDING THE 10-METER LEVEL PEAK WIND SPEED FOR VARIOUS
PERIODS OF EXPOSURE (annual reference period) BASED UPON 30 VALUES
OF k, CAPE KENNEDY, FLORIDA

Height Exposure (days)

b 10 30 90 365

_ -1 -1 -1 -1
(m) (ft) knots ms ! knots ms knots ms knots ms knots ms

10,0 33 27.6 14.2 40.4 20'.8 46.6 24,0 52.7 27.1 60.5 31.1

18.3 60 31.1 16.0 44.4 22.8 50.6 26.0 56.9 29.3 64.9 33.4

30.5 100 34. 17,1 48.0 24.7 54.3 28.0 60.7 31.2 68.8 35.4

(3]

61.0 200 39.6 20.4 53.3 27.4 59.8 30.8 66.3 34.1 74.5 38.3

91.4 300 42,9 22.1 56.7 29.2 63.3 32.6 69.8 35.9 78.0 40.1

121.9 400 45.5 23.4 59.3 30, 65.8 33.9 72.3 37.2 80.6 41.5

(1]

152.4 500 47.1

]

24.4 61.3 31. 67.9 34.9 74.4 38.3 82.7 42.5

(51

* NOT RECOMMENDED FOR DESIGN APPLICATIONS--INFORMATION ONLY.
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TABLE 5. 2,11 PEAK WIND SPEED PROFILES FOR A 5-PERCENT RISK OF
EXCEEDING THE 10-METER LEVEL PEAK WIND SPEED FOR VARIOUS
PERIODS OF EXPOSURE (annual reference period) BASED UPON 30 VALUES
OF k, CAPE KENNEDY, FLORIDA

Height Exposure (days)

1 10 30 90 365

(m) (ft) | knots ms knots ms | knots ms knots ms knots ms

10.0 33 31.0 15.9 44.5 22.9 50.9 26.2 57.3 29.5 65.5 33.7
18.3 60 34.7 i7.9 48.5 25.0 55,1 28.4 61.6 31.7 69.9 36.0
30.5 100 38.1 19.6 52.2 26.9 58.8 30.3 65.5 33.7 73.9 38.0
61.0 200 43.3 22.3 57.7 29.7 64.4 33.1 71.1 36.6 7.7 41.0
91.4 300 46,6 24.0 61.0 31.4 67.9 34.9 74.7 38.4 83.3 42.9
121.5 400 49,2 25.3 63.6 32.7 70.5 36.3 72.3 37.2 85.9 44,2

162.4 500 51.2 26.3 65.7 33.8 72.5 37.38 79.4 40.8 88.0 45.3

TABLE 5, 2,12* PEAK WIND SPEED PROFILES FOR A 1-PERCENT RISK OF
EXCEEDING THE 10-METER LEVEL PEAK WIND SPEED FOR VARIOUS
PERIODS OF EXPOSURE ( annual reference period) BASED UPON 30 VALUES
OF k, CAPE KENNEDY, FLORIDA

Height Exposure (days)

b 10 30 90 365

1
(m) (ft) | knots ms knots ms knots ms knots ms knots ms

0.0 33 38.8 20.0 53.6 27.6 60.7 31.2 67.8 4.9 76.8 39.5
18.3 60 42.7 22.0 57.9 29.8 65.1 33.5 72.3 37.2 81.4 41.9
30.5 100 46,3 23.8 61.7 31.7 69.0 35.5 76.3 39.3 85.6 44.0
61,0 200 51,6 26.5 67.3 34.6 74.7 38.4 82.2 42.3 91.5 47.1
91.4 300 55.0 28.3 70.8 36.4 78.3 40.3 85.7 4.1 95.2 49.0
121.9 400 57.5 29.6 73.4 37.8 80.9 41.6 88.4 45.5 97.9 50.4

152.4 500 69.6 30.7 75.5 38.8 | 83.0 42.7 90.5 46.6 | 100.0 51.4

* NOT RECOMMENDED FOR DESIGN APPLICATIONS--INFORMATION ONLY,
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speeds at the 10-meter level than the peak wind speeds given in Table 5.2.9

for the quoted values of risk, whereas May is characterized by lower hourly
peak wind speeds for the same values of risk. In addition, the peak wind speed
associated with a given risk is also a function of time of day. Thus, for a
given value of risk, the peak wind speed in the afternoon is greater than the
peak wind speed in the early morning hours. For design purposes these effects
have been taken into account in constructing Tables 5.2. 13 through 5.2. 16 by
introducing the concept of the envelope of distribution functions.

Table 5.2. 13 contains peak wind speed profiles for various
envelope values of peak wind speed at the 10-meter level for fixed values of
risk for the worst monthly-hourly reference periods of the year for a 1-hour
exposure. To construct these profiles, the 1-hour exposure period statistics
for each hour in each month were constructed. This exercise yielded 288
distribution functions (12 months times 24 hours), which were enveloped to
yield the largest or ""'worst'' 10-meter level peak wind speed associated with a
given level of risk for all monthly-hourly reference periods. Thus, for
example, according to Table 5.2. 13, there is at most a 10-percent risk that the
peak wind speed will exceed 26.9 knots during any particular hour in any
particular month at the 10-meter level, and if 26.9 knots occur at the 10-meter
level, then there is only a 0, 135-percent chance that the peak wind speed will
exceed 46. 8 knots at the 152.4-meter level or the corresponding values given
at the other heights.

Table 5.2. 14 through 5.2. 16 contain peak wind profiles for
various envelope values of the peak wind speed at the 10-meter level for fixed
values of risk for various exposure periods. The i-day exposure values of
peak wind speed were obtained by constructing the daily peak wind statistics
for each month and then enveloping these distributions to yield the worst
i-day exposure, 10-meter level peak wind speed for a specified value of risk.
The 30-day exposure envelope peak wind speeds were obtained by constructing
the monthly peak wind statistics for each month and then constructing the
envelope of the distributions. The 10-day exposure statistics were obtained
by interpolating between the 1- and 30-day exposure period results. The
envelopes of the 90-day exposure period statistics were the 90-day exposure
statistics associated with the 12 trimonthly periods (January-February-
March, February-March-April, March-April-May, and so forth). Finally,
the 365-day exposure period statistics were calculated with the annual peak
wind sample (17 data points) to yield one distribution. Tables 5. 2. 14 through
5.2. 16 contain the largest or "worst'" 10-meter level peak wind speed
associated with a given level of risk for the stated exposure periods.
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TABLE 5. 2.13¥ PEAK WIND SPEED PROFILES FOR VARIOUS ENVELOPE
VALUES OF RISK OF EXCEEDING THE i10-METER LEVEL PEAK WIND SPEED
FOR 1-HOUR EXPOSURE BASED UPON 30 VALUES OF k,

CAPE KENNEDY, FLORIDA

Risk (%)

Height 20 10 5 1 0.1

(m) (ft) knots ms'-1 knots ms-1 knots ms_1 knots ms-i knots ms_1
10.0 33 22.9 11,8 27.0 13.9 30.8 15.8 39.5 20.3 51.9 26.7
18.3 60 26,3 13.5 30.5 15.7 34.5 17.7 43.4 22.3 56.0 28.8
30.5 100 29.5 15.2 33.8 17.4 37.9 19.5 47.0 24.2 59.8 30.8
61.0 200 34,5 17.8 38.9 20.0 | 43.0 22.1 52.3 26.9 65.4 33.6
91.4 300 37.8 19.5 42,2 21.7 46.4 23.9 55.7 28,7 68.9 35.4
121.9 400 40.4 20.8 447 23.0 48.9 25.2 58.3 30.0 71.5 36.8
152.4 500 42.5 21.9 46.8 24.1| 51.0 26.2 60.3 31.0 73.6 37.8

TABLE 5.2.14™ PEAK WIND SPEED PROFILES FOR A 10-PERCENT ENVELOPE

RISK VALUE OF EXCEEDING THE 10-METER LEVEL PEAK WIND SPEED FOR
VARIOUS PERIODS OF EXPOSURE BASED UPON 30 VALUES OF k,
CAPE KENNEDY, FLORIDA

Exposure (days)
Height
1 10 30 920 365

(m) (ft)| knots ms'| knots ms™! | knots ms™ knots ms ' | knots ms ™
10.0 33 32,1 16.5 46.9 24.1 53.9 27.7 61.0 31.4 70.0 36,0
18.3 60 35.8 18.4 51.0 26.2 58.2 29.9 65.3 33.6 74.5 38.3
30.5 100 39.2 20.2 54.7 28,1 62.0 31.9 69.3 35.7 78.5 40.4
61.0 200 44.4 22.8 60.2 31.0 67.6 34.8 75.0 38.6 84.4 13.4
91.4 300 47.8 24.6 63.6 32.7 71.1 36.6 78.5 40.4 88.0 45.3
121.9 400 50.3 25.9 66.2 34.1 73.7 37.9 81.1 41.7 90.6 46.6
152.4 500 52.4 27.0 68.3 35.1 75.8 39.0 83.2 42.8 92.8 47.7

* RECOMMENDED FOR DESIGN APPLICATIONS
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TABLE 5, 2.15™ PEAK WIND SPEED PROFILES FOR A 5-PERCENT ENVELOPE
RISK VALUE OF EXCEEDING THE 10-METER LEVEL PEAK WIND SPEED FOR
VARIOUS PERIODS OF EXPOSURE BASED UPON 3¢ VALUES OF k,
CAPE KENNEDY, FLORIDA

Exposure (days)

Height
1 10 30 90 365

(m) (ft) knots ms knots ms knots ms knots ms knots ms

10.0 33 36.1 18.5 52.3 26.9 60. 1 30.9 67.8 34.9 7.7 40.0

18.3 60 39.8 20.5 56.5 29.1 64.4 33.1 72.3 37.2 82.4 42.4

30.5 100 43.3 22.3 60.3 31.0 68.3 35.1 76.3 39.3 86.5 44,

o9

61.0 200 48.6 25.0 65.9 33.9 740 38.1 82.1 42.2 92.5 47.6

91.4 300 52.0 26.8 69.4 35.7 77.6 40.0 85.7 44.1 96.1 49.4

121.9 400 54.5 28.0 72.0 37.0 80.2 41.3 88.4 45.5 98.8 50.8

152.4 500 56.6 29.1 741 38.1 82.3 42.3 91.0 46.8 101.0 52,0

TABLE 5. 2.16™ PEAK WIND SPEED PROFILES FOR A 1-PERCENT ENVELOPE
RISK VALUE OF EXCEEDING THE 10-METER LEVEL PEAK WIND SPEED FOR
VARIOUS PERIODS OF EXPOSURE BASED UPON 3¢ VALUES OF k,
CAPE KENNEDY, FLORIDA

Exposure (days)
Height

1 10 30 90 365

(m) (ft) knots ms knots ms knots ms knots ms knots ms_

10.0 33 45.0 23.1 65.4 33.6 74.0 38.1 83.4 42.9 95.4 49.1
18.3 60 49.0 25.2 69.9 36.0 78.6 40.4 88.2 45.4 | 100.3 51.6
30.5 100 52.6 27.1 73.9 38.0 82.8 42.6 92.4 47.5 | 1047 53.9
61.0 200 58.1 30.0 79.7 41.0 88.6 45.6 98.4 50.6 | 110.9 57.1
91.4 300 61.5 31.6 83.2 42.8 92.3 47.5 | 1021 52.5 | 114.6 59.0
121.9 400 64.1 33.0 85.9 44.2 95.0 48.9 | 104.8 53.9 | 117.4 60.4

152.4 500 66. 1 34.0 88.0 45.3 97.1 50.0 | 107.0 55.0 | 119.6 61.5

* RECOMMENDED FOR DESIGN APPLICATIONS
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It is recommended that the data in Tables 5, 2,13 through
5.2.16 be used as the basis for space vehicle design for Cape Kennedy —
Kennedy Space Center Operations. Wind profile statistics for the design of
permanent ground support equipment are discussed in Section 5.2.6.

Mean wind profiles or steady-state wind profiles can be
obtained from the peak wind profiles by dividing the peak wind by the appropriate
gust factor (see Section 5,2,7). Itis recommended that the 10-minute gust
factors be used for structural design purposes. Application of the 10-minute
gust factors to the peak wind profile corresponds to averaging the wind speed
over a 10-minute period. This averaging period appears to result in a stable
mean value of the wind speed. Within the range of variation of the data, the
1-hour and 10-minute gust factors are approximately equal for sufficiently
high wind speed. This occurs because the spectrum of the horizontal wind
speed near the ground is characterized by a broad energy gap centered at a
frequency approximately equal to 1 cycle hr ! and typically extends over the
frequency domain 0.5 cycleshr < w <5 cycles hr = (Ref. 5.22). The Fourier
spectral components associated with frequencies less than 1 cycles hr
correspond to the meso- and synoptic-scale motions, while the remaining
high frequency spectral components correspond to mechanically and thermaliy
produced turbulence. Thus, a statistically stable estimate of the mean or
steady-state wind speed can be obtained by averaging over a period in the
range from i10-minutes to an hour. Davenport (Ref. 5.5) points out that this
period for averaging is also suitable for structural analysis. Since this period
is far longer than any natural period of structural vibration, it assures that
effects caused by the mean wind properly represent steady-state, nontransient
effects. The steady-state wind profiles, calculated with the 10-minute gust
factors, that correspond to those in Tables 5.2.9 through 5.2. 16 are given in
Tables 5.2. 17 through 5.2. 24,

5.2.5.5.2 Design Wind Profiles for Other Test Ranges.

At the present time, only estimates of the 1-hour exposure
period peak wind speed statistics for an annual reference period are available
for Huntsville, Alabama, Wallops Island, Virginia, White Sands Missile Range,
New Mexico, and the Western Test Range (WTR), Point Arguello, California.
The peak wind statistics were constructed from mean wind data obtained from
standard hourly weather observations. These data correspond to approximately
a 2-minute mean wind speed measured at the 10-meter level. The associated
peak wind sample was constructed by applying a 1.4 gust factor. The surface
peak and mean wind speed profiles for the above sites for various values of
risk of exceeding the indicated 10-meter level peak or mean wind speed,
calculated with the values of k given in Section 5.2.5.5, are given in Tables
5.2.25 through 5. 2. 34.
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TABLE 5.2.17 MEAN WIND SPEED PROFILES FOR VARIOUS VALUES OF
RISK OF EXCEEDING THE 10-METER LEVEL 10-MINUTE MEAN WIND SPEED
FOR 1-HOUR EXPOSURE (annual reference period) BASED UPON 3¢
VALUES OF k, CAPE KENNEDY, FLORIDA

Risk (%)

Height
20 10 5 0.1

-1
(m) (ft) | knots ms knots ms knots ms knots 1 ms knots ms

10.0 33 9.8 5.1 12.1 6.3 14.3 7.4 19.2 9.9 26.0 13.4
18.3 60 12.3 6.3 14.9 7.7 17.3 8.9 22.7 1.7 30.2 15.6
30.5 100 14.8 7.6 17.6 9.1 20.3 10.4 26.1 13.5 34.2 17.6
61.0 200 19.0 9.8 22.1 11.4 25.0 12.9 31.4 16.1 40.1 20.6
91.4 300 21.9 11.3 25.1 12.9 28.1 14.5 34.8 17.9 43.8 22.5
121.9 400 24.2 12.4 27.5 14.2 30.6 15.8 37.4 19.é 46,6 24.0

152.4 500 26.1 13.4 29.5 15.1 32.6 16.8 39.5 20.3 48.9 25.2

TABLE 5.2. 18 MEAN WIND SPEED PROFILES FOR A 10-PERCENT RISK OF
EXCEEDING THE i0-METER LEVEL 10-MINUTE MEAN WIND SPEED FOR
VARIOUS PERIODS OF EXPOSURE (annual reference period) BASED UPON 3¢
VALUES OF k, CAPE KENNEDY, FLORIDA

Exposure (days)

Height

- -1 -t -1 -1
{m) (ft) { knots ms ! knots ms knots ms knots ms knots ms

10.0 33 17.1 8.8 25.2 13.0 29.1 15.0 32.9 16.9 37.8 19.4
18.3 60 20.4 10.5 29.4 16.1 33.6 17.3 37.8 19.4 43.1 22.2
30.5 100 23.6 12.1 33.3 17.1 37.7 19.4 42.2 21.7 47.8 24,6
61.0 200 28.7 14.8 39.1 20.1 43.9 22.6 48,7 25.1 54.8 28.2
91.4 300 32.0 16.5 42.8 22.0 47.8 24.6 52.8 27.2 59.1 30.4

121.9 400 34.5 17.7 45.6 23.5 50.7 26.1 55.8 28.7 62.

[~

32.0

152.4 500 36.6 18.8 47.8 24.6 53.0 27.3 58.2 29.9 64.7 33.3
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TABLE 5.2.19 MEAN WIND SPEED PROFILES FOR A 5-PERCENT RISK OF
EXCEEDING THE 10-METER LEVEL 10-MINUTE MEAN WIND SPEED FOR

VARIOUS PERIODS OF EXPOSURE ( annual reference period) BASED UPON 3¢
VALUES OF k, CAPE KENNEDY, FLORIDA

Exposure (days)

Height
1 10 30 90 365

-t -1
(m)  (ft) | knots ms knots ms knots ms knots ms knots ms

10,0 33 19.3 9.9 27.8 14.3 31.8 16.4 35.38 18.4 40.9 210

18.3 60 22.8 11.7 32.2 16.6 36.5 18,8 40.9 21.0 16.5 23.9

J0.5 100 26,3 13. 36.2 18.6 40.9 21.0 45.5 23.4 51.4 26,4

[#]

61.0 200 314 16.2 42.3 21.3 47.3 24.3 52.3 26.9 5R8.6 3001
91.4 300 34.9 18,0 46. 1 23.7 51.3 26.4 56.5 2001 63.0 324

121.9 100 37.

1

19.3 49.0 25.2 54.3 27.9 59.6 30.7 66,3 341

152.4 500 39.7 20.4 51.3 26.4 56.7 29,2 62.1 31.9 68.9 35.4

TABLE 5.2.20 MEAN WIND SPEED PROFILES FOR A {-PERCENT RISK OF
EXCEEDING THE 10-METER LEVEL {0-MINUTE MEAN WIND SPEED FOR
VARIOUS PERIODS OF EXPOSURE (annual reference period) BASED UPON 30
VALUES OF k, CAPE KENNEDY, FLORIDA

Exposure (days)

Height
1 10 30 90 365

(m)  (ft) | knots ms ' | knots ms knots ms_ knots  ms knots ms_

10.0 33 REN 12.4 33.5 17.2 38.0 19.5 42.4 21.8 48,0 24.7

$~

18.3 60 28, 38.4 19.8 43.2 22.2 48.0 24.7 54,1 27.8

[

14,

o

30.5 100 32,0 16.5 42.9 22.1 48.0 24.7 53.1 27.3 59.6 30.7
61.0 200 37.8 19. 4 49.4 25.4 54.9 28.2 60.4 3t.1 67.3 34.6
91.4 300 41.4 21.3 53.5 27.5 59.2 30.5 64.9 33.4 72.1 37.1
121.9 400 44 .2 22.7 56.5 29.1 62.4 32.1 68.2 35.1 75.6 38.9

152.4 500 46.4 23.9 59.0 30.3 64.9 33.4 70.8 36.4 78.3 40,3
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TABLE 5.2.21 MEAN WIND SPEED PROFILES FOR VARIOUS ENVELOPE
VALUES OF RISK OF EXCEEDING THE 10-METER LEVEL 10-MINUTE MEAN
WIND SPEED FOR A 1-HOUR EXPOSURE (monthly-hourly reference period)
BASED UPON 30 VALUES OF k, CAPE KENNEDY, FLORIDA

Risk (%)
Height
20 10 5 i 0.
-1 -1 -1 -1 -1
(m) (ft) | knots ms knots  ms knots ms knots ms knots ms
10.0 33 14,1 7.2 16.6 8.6 19.1 9.8 24.6 12.7 32.4 16.7
18.3 60 17.1 8.8 19.9 10.3 22.6 11,7 28.7 14.8 37.2 19.1
30.5 100 20.0 10.3 23.1 11.9 26.0 13.4 32.6 16.8 41.6 21.4
61.0 200 24.7 12,7 28.1 14.5 31.3 16. 1 38.3 19.7 48.1 24.7
91.4 300 27.8 14.3 31.3 16.1 34.7 17.9 42.0 21.6 52,1 26.8
121.9 400 30.3 15.6 33.9 17.4 37.3 19.2 44 .8 23.0 55.1 28.3
152.4 500 32.3 16.6 35.9 18.5 39.4 20.3 47.0 24.2 57.5 29.6

TABLE 5.2.22 MEAN WIND SPEED PROFILES FOR A 10-PERCENT ENVELOPE
RISK VALUE OF EXCEEDING THE 10-METER LEVEL 10-MINUTE MEAN WIND
SPEED FOR VARIOUS PERIODS OF EXPOSURE (monthly-hourly reference
period) BASED UPON 30 VALUES OF k, CAPE KENNEDY, FLORIDA

Exposure (days)
Height
1 10 30 90 365
(m)  (8) | knots ms™' | knots ms™' | knots ms™' | knots ms'| knots ms
10.0 33 20.0 10.3 29.3 15. 1 33.7 17.3 38.1 19.6 43.8 22.5
18.3 60 23.6 12.1 33.8 17.4 38.7 19.9 43.3 22.3 49.5 25.5
30.5 100 27.1 13.9 38.0 19.5 43.1 22.2 48.2 24,8 54.6 28.1
61.0 200 32.4 16.7 44.2 22.7 49.6 25.5 55.1 28.3 62.1 31.9
91.4 300 35.8 18.4 48.1 24.7 53.8 27.7 59.4 30.6 66.6 34.3
121.9 400 38.5 19.8 51.0 26.2 56.8 29.2 62.6 32.2 69.9 36.0
152.4 500 40.6 20.9 53.3 27.4 59.2 30.5 65.1 33.5 72.6 37.3
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TABLE 5.2.23 MEAN WIND SPEED PROFILES FOR A 5-PERCENT ENVELOPE
RISK VALUE OF EXCEEDING THE 10-METER LEVEL 10-MINUTE MEAN WIND
SPEED FOR VARIOUS PERIODS OF EXPOSURE (monthly-hourly reference
period) BASED UPON 30 VALUES OF k, CAPE KENNEDY, FLORIDA

Exposure (days)
Height
10 30 90 365
(m) (ft) [knots ms™' [ knots ms™' |knots ms! knots ms™'| knots ms'
10.0 33 22,5 11.6 32.7 16.8 37.6 19.3 42.5 21.9 48.6 25.0
18.3 60 26.3 13.5 37.5 19.3 42.8 22.0 48.1 24.7 54.8 28.2
30.5 100 30.0 15.4 41.9 21.6 47.5 24.4 53.2 27.4 60,2 31.0
61.0 200 35.5 18.3 48.4 24.9 54.5 28.0 60.4 31.1 68.1 35.0
91.4 300 39.2 20.2 52.5 27.0 58.7 30.2 64.9 33.4 72.9 37.5
121.9 400 41.9 21.6 55.5 28.6 61.9 31.8 68.2 35.1 76.3 39.3
162.4 500 44.0 22.6 57.9 29.8 64.4 33.1 70.9 36.4 79.1 40.7

TABLE 5.2.24 MEAN WIND SPEED PROFILES FOR A 1-PERCENT ENVELOPE
RISK VALUE OF EXCEEDING THE 10-METER LEVEL 10-MINUTE MEAN WIND

SPEED FOR VARIOUS PERIODS OF EXPOSURE (annual reference period)
BASED UPON 30 VALUES OF k, CAPE KENNEDY, FLORIDA

Exposure (days)
Height
10 30 90 365

(m) (f)| knots ms ' knots ms—l knots ms_ knots ms-1 knots ms™'
10.0 33 28.1 14.5 40.9 21.0 46.3 23.8 52.2 26,9 59.7 30.7
18.3 60 32.5 16. 7 16.5 23.9 52.2 26.9 5R.6 30.1 66.7 34.3
30.5 100 36.6 18,8 51.4 26.4 57.6 29.6 64.3 33.¢ 72.9 37.5
61.0 200 42.6 21.9 58.6 30.1 65.2 33.5 72.5 37.3 R1.6 42,0
91.4 300 47.2 24.3 63.0 32.4 69.9 36.0 77.4 39.8 RG.Y 44.7
121.9 400 49.4 25.4 66.3 34.1 73.4 37.8 81.0 41.7 90,7 46.7
152.4 500 51.7 26.6 68.9 35.4 76.1 39.1 83.8 43.1 93.7 44,2
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TABLE 5.2.25 SURFACE PEAK WIND SPEED PROFILE ENVELOPES FOR
VARIOUS VALUES OF RISK OF EXCEEDING THE 10-METER LEVEL PEAK WIND
SPEED (annual reference period) FOR HUNTSVILLE, ALABAMA

Risk (%)
Height
20 10 5 i 0.1

(m) (ft)| knots ms™ | knots ms'| knots ms' | knots ms! | knots ms
10.0 33 26.0 13.4 28.0 14.4 30.0 15.4 35.0 18.0 42.0 21.6
18.3 60 29.4 15.1 31.6 16.3 33.9 17.4 39.5 20.3 47.4 24.4
30.5 100 32.5 16.7 35.0 18.0 37.5 19.3 43.7 22.5 52.5 27.0
61.0 200 37.3 19.2 40.2 20.7 43.1 22.2 50.2 25.8 60.3 31.0
91.4 300 40.5 20.8 43.6 22.4 46.8 24,1 54.5 28.0 65.4 33.4
121.9 400 43.0 22.1 46.2 23.8 49.5 25.5 57.7 29.7 69.3 35.7
152.4 500 44.9 23.1 48,3 24.8 51.8 26.6 60.4 31.1 72.4 37.2

TABLE 5.2.26 SURFACE MEAN WIND SPEED PROFILE ENVELOPES FOR
VARIOUS VALUES OF RISK OF EXCEEDING THE 10-METER LEVEL 10-MINUTE
MEAN WIND SPEED (annual reference period) FOR HUNTSVILLE, ALABAMA

Risk (%)
Height
20 10 5 1 i

(m) (ft)] knots ms ' | knots ms knots ms . | knots ms = | knots ms~
10.0 33 18.6 9.6 20.0 10.3 21.4 11.0 25.0 12.9 30.0 15,
18.3 60 21.0 10.8 22.6 11.6 24.2 12.4 28.2 14.5 33.9 17.
30.5 100 23.2 11.9 25.0 12.9 26.8 13.8 31.2 16,1 37.5 19.
61.0 200 26.6 13.7 28.7 14.8 30.8 15.8 35.9 18.5 43.1 22,
91.4 300 28.9 14.9 31.1 16.0 33.4 17.2 38.9 20.0 46.7 24.
121.9 400 30.7 15.8 33.0 17.0 35.4 18.2 41,2 21.2 49.5 25.
L152.4 500 32.1 16.5 34.5 17.7 37.0 19.0 43,1 22.2 51.7 26.
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TABLE 5.2.27 SURFACE PEAK WIND SPEED PROFILE ENVE LOPES (in knots)

FOR VARIOUS VALUES OF RISK OF EXCEEDING THE 10-METER LEVEL PEAK

WIND SPEED (annual reference period) FOR NEW ORLEANS AND FOR RIVER,
GULF, AND PANAMA CANAL TRANSPORTATION

Risk (%)
Height
20 10 5 1 0.1

-1 -1 -1 -1 -1

(m) (ft) | knots ms knots ms knots ms knots ms knots ms
10.0 33 15.0 7.7 19.0 9.8 23.0 11.8 32.0 i16.5 45.0 23.1
18.3 60 17.0 8.7 21.5 11.1 26.0 13.4 36.2 18.6 49.0 25.2
30.5 100 18.8 9.7 23.8 12.2 28.8 14.8 40.1 20.6 52.6 27.1
61.0 200 21.6 11.1 27.4 4.1 33.1 17.0 46,1 23.7 58.0 29.8
91.4 300 23.5 12.1 29.7 15.3 35.9 18.5 49.9 25.7 61.4 31.6
121.9 400 24.8 12.8 31.4 16.2 38.0 19.5 52.9 27.2 63.9 32.9
152.4 500 26.0 13.4 32.9 16.9 39.7 20.4 55.3 28.4 65.9 33.9

TABLE 5,.2.28 SURFACE MEAN WIND SPEED PROFILE ENVELOPES (in knots)
FOR VARIOUS VALUES OF RISK OF EXCEEDING THE 10-METER LEVEL
10-MINUTE MEAN WIND SPEED (anmual reference period) FOR NEW ORLEANS
AND FOR RIVER, GULF, AND PANAMA CANAL TRANSPORTATION

Risk (%)
Height
20 10 5 i 0.1

-1 -1 -1 -1 -1

(m) (ft)| knots ms knots ms knots ms knots ms knots ms
10.0 33 10.7 5.5 13.6 7.0 16.4 8.4 22.9 11.8 32.1 16.5
18.3 60 12.1 6.2 15.4 7.9 18.6 9.6 25.9 13.3 35.0 18.0
30.5 100 13.4 6.9 17.0 8.7 20.6 10.6 28.6 14.7 37.6 19.3
61.0 200 15.4 7.9 19.6 10.1 23.6 12,1 32.9 16.9 41.4 21.3
91.4 300 16.8 8.6 21.2 10.9 26.4 13.6 35.6 18.3 43.9 22.6
121.9 400 17.7 9.1 22.4 11.5 27.1 13.9 37.8 19.4 45.6 23.5
152.4 500 18.6 9.6 23.5 12.1 28.4 14.6 39.5 20.3 47.1 24.2




5.58

TABLE 5.2.29 SURFACE PEAK WIND SPEED PROFILE ENVELOPES (in knots)

FOR VARIOUS VALUES OF RISK OF EXCEEDING THE 10-METER LEVEL
PEAK WIND SPEED (annual reference period) FOR THE WESTERN TEST

RANGE, WEST COAST TRANSPORTATION, AND SACRAMENTO

Risk (%)
Height
20 10 5 .1

-1 - -1 -1 -1

(m) (ft){ knots ms knots ms knots ms knots ms knots ms
10.0 33 22.0 11.3 25.0 12.9 28.0 14.4 35.0 18.0 45.0 23.1
18.3 60 24.9 12.8 28.3 14.6 31.6 16.3 39.5 20.3 50.8 26.1
30.5 100 27.6 14,2 31.3 16.1 35.0 18.0 43.7 22.5 56.3 29.0
61.0 200 31.7 16.3 36.0 18.5 40.2 20.7 50.2 25.8 64.6 33.2
91.4 300 34.3 17.6 39.0 20.1 43.6 22.4 54.5 28.0 70.1 36.1
121.9 400 36.4 18.7 41.4 21.3 46.2 23.8 57.7 29.7 74.2 38.2
152.4 500 38.0 19.5 43.2 22,2 48.3 24.8 60.4 31.1 77.6 39.9

TABLE 5.2.30 SURFACE MEAN WIND SPEED PROFILE ENVELOPES (in knots)

FOR VARIOUS VALUES OF RISK OF EXCEEDING THE 10-METER LEVEL

10-MINUTE MEAN WIND SPEED (annual reference period) FOR THE WESTERN

TEST RANGE, WEST COAST TRANSPORTATION, AND SACRAMENTO

Risk (%)
Height
20 10 5 .1
(m) (ft knots ms-1 khots ms’~ knots ms_1 knots ms™' | knots ms_1
10.0 33 15.7 8.1 17.9 9.2 20.0 10.3 25.0 i2.9 32.1 16.5
18.3 60 17.8 9.2 20.2 10.4 22.6 11.6 28.2 14.5 36.3 18.7
30.5 100 19.7 10.1 22.4 11.5 25.0 12.9 31.2 16.1 40.2 20.7
61.0 200 22.6 11.6 25.7 13.2 28.7 14.8 35.9 18.5 46.1 23.7
91.4 300 24.5 12.6 27.9 14.4 31.1 16.0 38.9 20.0 50.1 25.8
121.9 400 26.0 13.4 29.6 15.2 33.0 17.0 41.2 21.2 53.0 27.3
152.4 500 27.1 13.9 30.9 15.9 34.5 17.7 43.1 22.2 55.4 28.5
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TABLE 5.2.31 SURFACE PEAK WIND SPEED PROFILE ENVELOPES (in knots)
FOR VARIOUS VALUES OF RISK OF EXCEEDING THE 10-METER LEVEL
PEAK WIND SPEED (annual reference period) FOR WALLOPS TEST RANGE

Risk (%)
Height
20 10 5 .1

(m) () | knots ms™' | knots ms ' | knots ms knots ms | knots ms~
10.0 33 23.0 11.8 27.0 13.9 30.0 15.4 38.0 19.5 39.0 20.1
18.3 60 26.0 13.4 30.5 15.7 33.9 17.4 42.9 22.1 44 .1 22.7
30.5 100 28.8 14.8 33.8 17.4 37.5 19.3 47.5 24 .4 48.8 25.1
61.0 200 33.1 17.0 38.8 20.0 43.1 22.2 54.6 28.1 56.1 28.9
91.4 300 35.9 18.5 42.1 21.6 46.8 24,1 59.2 30.5 60.8 31.3
121.9 400 38.0 19.5 44.7 23.0 49.5 25.5 62,7 32.3 64.4 33.1
152.4 500 39.7 20.4 46.6 24.0 51,8 26.6 65.5 33.7 67.4 34.7

TABLE 5.2.32 SURFACE MEAN WIND SPEED PROFILE ENVELOPES (in knots)
FOR VARIOUS VALUES OF RISK OF EXCEEDING THE 10-METER LEVEL
10-MINUTE MEAN WIND SPEED ( annual reference period) FOR WALLOPS

TEST RANGE
Risk (%)
Height
20 10 .1
-1 -1 -1 -1 -
(m) (ft)] knots ms knots  ms knots ms knots  ms knots  ms
10.0 33 16.4 8.4 19.3 9.9 21.4 11.0 27.1 13.9 27.9 14 .4
18.3 60 18.6 9.6 21.8 11.2 24,2 12.4 30.6 15.7 31.5 16.2
30.5 100 20.6 10.6 24.1 12.4 26.8 13.8 33.9 17.4 34.9 18.0
61.0 200 23.6 12.1 27.7 14.2 30.8 15.8 39.0 20.1 40.1 20.6
91.4 300 25.6 13.2 30.1 15.5 33.4 17.2 42.3 21.8 43.4 22.3
121.9 400 27.1 13.9 31.9 16.4 35.3 18.2 44.8 23.0 46.0 23.7
152.4 500 28.4 14.6 33.3 17.1 37.0 19.0 46.8 24,1 48. 1 24,7
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TABLE 5.2.33 SURFACE PEAK WIND SPEED PROFILE ENVELOPES (in knots)

FOR VARIOUS VALUES OF RISK OF EXCEEDING THE 10-METER LEVEL

PEAK WIND SPEED (annual reference period) FOR WHITE SANDS

MISSILE RANGE

Risk (%)
Height
20 10 5 0.1
-1 -1 -1 -1 -1
{m) (ft){ knots ms knots ms knots ms knots ms knots ms
10.0 33 24.0 12.3 29.0 14.9 33.0 17.0 42.0 21.6 55.0 28.3
18.3 60 27.1 13.9 32.8 16.9 37.3 19,2 47.5 24 .4 59.9 30.8
30.5 100 30.0 15.4 36.3 18.7 41.3 21.2 52.6 27.1 64.3 33.1
61.0 200 34.5 17.7 41.7 21.5 47.5 24.4 60.4 31.1 70.9 36.5
91.4 300 37.4 19.2 45.2 23.3 51.4 26.4 65.5 33.8 75.0 38.6
121.9 400 39.6 20.4 47.9 24.6 54.5 28.0 69.4 35.7 78.1 40.2
152.4 600 41.4 21.3 50.1 25.8 57.0 29.3 72.6 37.3 80.6 41.5

TABLE 5.2.34 SURFACE MEAN WIND SPEED PROFILE ENVELOPES (in knots)

FOR VARIOUS VALUES OF RISK OF EXCEEDING THE 10-METER LEVEL
10-MINUTE MEAN WIND SPEED (annual reference period) FOR
WHITE SANDS MISSILE RANGE

Risk (%)
Height
_~20 10 5 0.1

(m) (ft)| knots ms~ knots ms-1 knots ms‘1 knots msnl knots ms—l
10.0 33 17.1 8.8 20.7 10.6 23.6 12,1 30.0 15.4 39.3 20.2
18.3 60 19.4 10.0 23.4 12.0 26.7 13.7 33.9 17.4 42.8 22.0
30.5 100 21.4 11.0 25.9 13.3 29.5 15.2 37.6 19.3 45.9 23.6
61.0 200 24.6 12.7 29.8 15.3 33.9 17.4 43.1 22.2 50.1 25.8
91.4 300 26.7 13.7 32.3 16.6 36.7 18.9 46.8 24.1 53.6 27.6
121.9 400 28.3 14.6 34.2 17.6 38.9 20.0 49.6 25.5 55.8 28.7
152.4 500 29.6 15.2 35.8 18.4 40.7 20.9 51.9 26.7 57.6 29.6
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5.2.6 Spectral Ground Wind Turbulence Model.

Under most conditions ground winds are fully developed
turbulent flows. This is particularly true when the wind speed is greater than
a few knots, the atmosphere is unstable, or when both conditions exist.
During nighttime conditions when the wind speed is low and the stratification
is stable, the intensity of turbulence is small if not nil. Spectral methods are
a particularly useful way of representing the turbulent portion of the ground
wind environment for launch vehicle design purposes, as well as for use in
diffusion calculations of toxic fuels and atmospheric pollutents. At the present
time, a spectral turbulence model of the longitudinal and horizontal lateral
components of turbulence that is valid for all conditions, except for the case of
a nighttime stable stratification, is available. The model will be presented
in this section.

5.2.6.1 Introduction.

At a fixed point in the atmospheric boundary layer, the
instantaneous wind veetor fluctuates in time about the horizontal quasi-steady
wind vector. The vector departure of the horizontal component of the
instantaneous wind vector from the quasi-steady wind vector is the horizontal
vector component of turbulence. This vector departure can be represented by
two components, the longitudinal and the lateral components of turbulence
that are parallel and perpendicular to the quasi-steady wind vector in the
horizontal plane (see Fig. 5.2.23). The model contained herein is a spectral

representation of the characteristics
of the longitudinal and lateral compo-
nents of turbulence. The model
A '\ ST analytically defines the spectra of these
Vird v b components of turbulence for the first
- 1,,,i~4i,.. componens 200 meters of the boundary layer. In
of Turbulence addition, it defines the longitudinal
QuosisSteady and lateral cospectra, quadrature
spectra, and the corresponding
coherence functions associated with
any pair of levels in the boundary

North

Yector Departure

Eost

layer.

To determine this turbulence
FIGURE 5.2.23 THE RELATIONSHIP model, approximately 50-hour cases
BETWEEN THE QUASI-STEADY AND of turbulence observed at the NASA
THE HORIZONTAL INSTANTANEOUS 150-meter meteorological tower
WIND VECTORS AND THE
LONGITUDINAL AND LATERAL
COMPONENTS OF TURBULENCE
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facility discussed in Reference 5.20 were analyed. Each case consisted of
horizontal wind speed and direction data obtained at the 18-, 30-, 60-, 90-,
120-, and 150-meter levels. The procedure for calculating the longitudinal
components of turbulence consisted of the following: (1) converting the
digitized wind speeds and directions (10 points per second) into the associated
north-south and east-west components and averaging these components over the
duration of each test; (2) calculating the quasi-steady wind speed and direction;
and (3) projecting the original digitized data on this quasi-steady wind vector
and subtracting the quasi-steady wind vector to yield the longitudinal and
lateral components of turbulence. Long term trends contained within the data
were removed by fitting the longitudinal and lateral component time histories

to second-order polynomials and in turn subtracting these polynomials from the
time histories. To reduce computation time, the resulting data, with trend
removed, were block averaged over 0.5-second intervals. The longitudinal
and lateral spectra, cospectra and quadrature spectra were calculated from
these processed data by employing the standard correlation-Fourier transform
methods outlines in a book by Blackman and Tukey (Ref. 5.23). The spectral
estimates were corrected for the 0.5-second block-averaging operation, as
well as for the response properties of the wind sensors. A discussion of the
response properties of the wind sensing instrumentation on the NASA 150-meter
meteorological tower can be found in Reference 5. 7.

Longitudinal and lateral spectra were calculated for each level,
thus yielding approximately 300 spectra for each component of turbulence.
Interlevel longitudinal and lateral cospectra and quadrature spectra were
calculated for all possible combinations of pairs of levels, yielding a net total
of 30 cospectra and quadrature spectra for each case for each component of
turbulence. All the longitudinal and lateral spectra for each level were used
in the development of the model, while only 16 representative cases were
analyzed to develop the cospectrum and quadrature spectrum models. The
models contained herein were determined using dimensional analysis based
upon sound physical reasoning and insight gained from the open literature and
from discussions with authorities in the field of atmospheric turbulence. The
model was developed in a joint effort by scientists at the Cornell Aeronautical
Laboratories, the Pennsylvania State University, and the NASA Marshall
Space Flight Center. The details of their investigations appear in NASA
Technical Reports and Contractor Reports. (See references 5,58, 5.59, and
5.60).

5.2.6.2 Turbulence Spectra.

The longitudinal and lateral spectra of turbulence at frequency
w and height z can be represented by a dimensionless function of the form




Bu, Cy5/3 ’ o
[1+ 1.508/8 )2 ]/3e2
where
_ vz
f —u(z) , (2) 5.2.6
c
AN
fm— 03 <Z ) ’ (3) 5.2.6
r
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B = <?> , (4) 5.2.6
T
and

u, = cgufz) . (5) 5.2.6

In these equations z, is a reference height equal to 18.3 meters or 60 feet,

depending upon the desired units; u (z) is the quasi-steady wind speed at
height z; and the quantities c, (i=1,2,3,4,5) are dimensionless constants

that depend upon the site and the stability. The spectrum S(w) is defined so that
integration over the domain 0 = w= « yields the variance of the

turbulence. For the launch sites at the Eastern Test Range®, it is permissible
for engineering purposes to use the values of c given in Table 5.2.35 for the

longitudinal spectrum and Table 5.2.36 for the lateral spectrum.

TABLE 5.2.35 DIMENSIONLESS CONSTANTS FOR THE LONGITUDINAL
SPECTRUM OF TURBULENCE FOR THE EASTERN TEST RANGE, FLORIDA

Condition cy Cq C3 Cy Cs
Light Wind Daytime 2.905 1.235 0.04 0.87 -0.14
Conditions
Strong Winds 6.198 0.845 0.03 1.00 -0.63

* Eastern Test Range, Kennedy Space Center, and Cape Kennedy are used with
same meaning in this section.
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TABLE 5.2.36 DIMENSIONLESS CONSTANTS FOR THE LATERAL SPECTRUM
OF TURBULENCE FOR THE EASTERN TEST RANGE, FLORIDA

Condition cy Co C3 Cy Cs
Light Wind Daytime 4.599 1.144 0.033 0.72 -0.04
Conditions
Strong Winds 3.954 0.781 0.1 0.58 -0.35

The constant ¢g can be estimated with the equation

4
ce = —Lz—— , (6) 5.2.6
In <—£>_ 3

Zy

where z; is the surface roughness length of the site and ¥ is a parameter that
depends upon the stability. If z; is not available for a particular site, then an
estimate of z;, can be obtained by taking 10 percent of the typical height of the
surface obstructions (gross, shrubs, trees, rocks, etc.) over a fetch from the
site with length equal to approximately 1500 meters. The parameter ¥ vanishes
for strong wind conditions and is of order unity for light wind unstable daytime
conditions at the Kennedy Space Center. Typical values of Z; for various
surfaces are given in Table 5.2, 37. The value of Z; given for Palmetto is
recommended for Kennedy Space Center design studies.

The functions given by equations (1) 5.2.6, (3) 5.2.6 and
(4) 5.2.6 are depicted in Figures 5.2.24 through 5.2.29. Upon prescribing
the steady -state wind profile u(z) and the site (z;), the longitudinal and lateral
spectra are completely specified functions of height z and frequency w. A

discussion of the units of the various parameters mentioned above is given in
Section 5.2.6.4.
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TABLE 5.2.37 TYPICAL VALUES OF SURFACE ROUGHNESS LENGTH
(zy) FOR VARIOUS TYPES OF SURFACES

Type of Surface zy (m) —2z, (ft)
-5 - -
Mud flats, ice 107 - 3.107 3.107° - 107
- -3
Smooth sea 2. 10—4 - 3-10 4 7-10* - 10
4 -3 - -3
Sand 10~ - 10 3107 - 3-10
=3 -3 -4 -2
Snow surface 10 - 6-10 310 - 210
-3 - - -
Mown grass (~ 0.01 m) 107 - 107 3.107° - 3-107°
-2 -2 -2 -
Low grass, steppe 10 - 4-10 3-10 - 10 !
) - ) -
Fallow field 2-10" - 3-107" 610" - 107"
-2 - -1 -
High grass 41072 - 107 107t - 3107
- -1 -
Palmetto 107" - 3-10 3.107" - 1
Suburbia i - 2 3 - 6
City i - 4 3 - 13
2.0 T T T Y7y Y T YT T LR R R RA] | T T 7T TTT
1.0 4+ -
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5.2.6.3 The Cospectrum and Quadrature Spectirum.

The cospectrum and the quadrature spectrum associated with
either the longitudinal or lateral components of turbulence at levels z; and z,
can be represented by the following:

Af
C = " =
(w, 24, 29) /8182 exp (0.3465Af0'5>cos(21r'yAf) (7) 5.2.6
and
‘ Af .
Q(w,2z4,29) = ,slsz exp(—0.3465 AL )Sln(z'rr'yAf) , (8) 5.2.6
0.5
where

WZ wz
Af = _—2 - .__1 .
i(zg) ~ U(zy) (9) 5.2.6

S; and S, are the longitudinal or lateral spectra at levels z; and z,, respectively,
and u(z,) and u(z,) are the steady-state wind speeds at levels z; and z,. The
quantity Afy s is a dimensionless function of stability, and values of this
parameter for the Eastern Test Range are given in Table 5.2.38.
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EASTERN TEST RANGE

TABLE 5.2.38 TABLE OF VALUES OF THE PARAMETER Afy; 5 FOR THE

Turbulence Component

Light Wind Daytime Conditions

Strong Winds

Longitudinal

Lateral

0.04
0.06

0.036
0.045

EASTERN TEST RANGE

The dimensionless quantity v should depend upon height and
stability. However, it has only been possible to detect a dependence on height
at the Eastern Test Range. Based upon an analysis of turbulence data measured
at the NASA 150-meter meteorological tower facility, the values of v in
Table 5.2.39 are suggested for the Eastern Test Range.

TABLE 5.2.39 TABLE OF VALUES OF THE PARAMETER v FOR THE

Turbulence Component

(z4+ 25)/2 = 100m

(z1+24)/2 > 100m

Longitudinal

Lateral

0.7
1.4

0.3
0.5

COh(w, Zy, Z2) =

02 + Q 2
515,

The quantity Afy 5 can be interpreted by constructing the
coherence function, which is defined to be

(10) 5.2.6




Upon substituting Equations (7) 5.2.6 and (8) 5.2.6, into
Equation (10) 5.2.6 we find

coh(w,z4,2,) = exp |-0.693 af . (11) 5.2.6
Afy 5

It is clear from this relationship that Afy 5 is that value of Af for which the
coherence (coh) is equal to 0.5.

The quantity y can be interpreted by forming the ratio between
Equations (7) 5.2.6 and (8) 5.2.6 so that

tanz,"zAf___Q__,(w___L__z.’z’Z). . (12) 5.2.6
C( (J),Zi, Z2)
1t follows from this relation that the time lag 7 = at each

frequency between the longitudinal or lateral components of turbulence at
height z, in relation to those at z; is given by

= 2z _ 4
Tw y<1_1(z?_) ﬁ(z1)> : (13) 5.2.6
where
tan(2mwr ) = HLZuZ) (14) 5.2.6
w C(&Zl,Z2)
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The quantity T is the period of time the eddies with a frequency w at

height z, lag behind the eddies with frequency w at height z,. The quantity
v is the dimensionless counterpart of T and is a measure of the eddy slope.

Based upon these comments and the data in Table 5.2.39, it may be concluded
that the time delay for changes between levels in the longitudinal component of
turbulence is about one-half of that for the lateral wind change, other things
being equal. This same effect has been observed at three other meteorological
tower sites, Brookhaven, New York; White Sands Missile Range, New Mexico;
and South Dartmouth, Massachusetts.

5.2.6.4 Units.

The spectral model of turbulence presented in Sections 5.2.6.2
and 5.2.6.3 is a dimensionless model. Accordingly, the user is free to select
the system of units he desires, except that w must have the units of cycles
per unit time. Table 5.2.40 gives the appropriate metric and U. S. Customary
units for the various quantities in the model.

5.2.7 Ground Wind Gust Factors.

The solutions of problems dealing with surface winds for the
design and launch of space vehicles include analyses of wind gustiness or gust
factor. Previous Marshall Space Flight Center ground wind gust factor design
criteria adopted a gust factor of 1.4 and treated the gust as acting over the
entire length of the vehicle. Revised ground wind mean gust factor design
criteria were derived from data obtained during 1967 and 1968 at NASA's
150-meter meteorological tower facility at Kennedy Space Center, Florida.

To more precisely determine gust factors to a height of 150
meters, analyses have been made relating gust factors to height, steady-state
or mean wind speed, peak wind speed at reference height 18.3 meters, and
length of time used to obtain the mean wind speed. A study was made of 181
hours of data recorded when the atmosphere was generally unstable (daytime) .

The gust factor G is defined to be

G = u/u (1) 5.2.7
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TABLE 5.2.40 METRIC AND U, S. CUSTOMARY UNITS OF VARIOUS
QUANTITIES IN THE TURBULENCE MODEL

Quantity Metric Units U. S. Customary Units
w cps cps
S(w), Q(w), C(w) m? s */cps ft2 s™ /cps
f, fm, Af, Afy 5 Dimensionless Dimensionless
Z, 2.5 Zg m ft
u, u, ms”™ ft s~
B Dimensionless Dimensionless
Coh Dimensionless Dimensionless
Y Dimensionless Dimensionless
v Dimensionless Dimensionless
where

u is the maximum wind speed at height h within an
averaging period of length 7 in time

u is the mean wind speed associated with the averaging
period T and is given by

1 T/2
u=-— [ v(t)at (2) 5.2.7
-1/2
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where
v(t) is the instantaneous wind speed at time t
t is reckoned from the beginning of the averaging period.

If T=0, then u=u according to Equation (2) 5.2.7, and it
follows from Equation (1) 5.2.7that G=1.0. As 7 increases, u departs
from u, and u=<u, and G > 1.0. Also, as T increases, the probability of
finding 2 maximum wind of a given magnitude increases. In other words, the
maximum wind speed increases as 7 increases. In the case of u=0 and
u =0 (u =0 might correspond to windless free convection), G = ©, Asu or
u increases, G tends to decrease; for very high wind speeds (neutral
stratification), G tends to approach a constant value for given values of z and
7. Finally, as z increases, G decreases. Thus, the gust factor is a function
of the averaging time 7 over which the mean wind speed is calculated, the height
z, and the wind speed (mean or maximum) .

5.2,7.1 Gust Factor as a Function of Peak Wind Speed at Reference
Height (uyg 3) .

Representation of the first factor (G) as a function of height h,
averaging period 7, and the 18.3-meter peak wind speed uyg 3 is based upon
the fact that Kennedy Space Center wind statistics are calculated in terms of
peak winds. Thus G will be given as a function of uyg 3, z and 7.

Investigations of the mean gust factor data revealed that the
variation of the gust factor in the first 150 meters of the atmosphere could be
described with the following relationships:

p
G:1+—g1- (182'3> (4) 5.2.7
0

where h is the height in meters above natural grade.
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The parameter p, a function of the 18.3-meter peak wind speed in meters
per second, is given by

p = 0.283 - 0.435 ¢ "2 M83 (5) 5.2.7

The parameter g,, depends on the averaging time and the 18.3-meter peak wind
speed and is given by

T 2 T
g, = 0.085 <1n 10) - 0.329 (In

—0.2U4g 3

+1,98 - 1.887 e (6) 5.2.7

where T is in minutes and, uyg 3 is in meters per second.

These relationships are valid for uyg, 3 =4 ms™' and T < 10
min. In the interval 10 min < 7 < 60 min, G is a slowly increasing monotonic
function of 7, and for all practical purposes the 10-minute gust factors
(7 = 10 min) can be used as estimates of the gust factors associated with
averaging times greater than 10 minutes and less than 60 minutes
(10 min =T = 60 min).

The dependence of the 18.3-meter height gust factor upon the
averaging time and the peak wind speed is shown in Figure 5.2.30. Figure
5.2.31 illustrates the dependence of the 10-minute gust factors upon the peak
wind speed and height.

The calculated mean gust factors for T=0.5 1, 2, 5, and
10 minutes for values of uyg 3 in the interval 4.63 ms  Suyg.3 = ®are
presented in Tables 5.2.42 through 5.2.46 in both the U. S. customary and
metric units foruyg 3 and h., For example the gust factor profile for 7= 1.0
min and uyg 3 = 18 knots (9.27 ms ) is given by Table 5.2.41. These values
are valid only for the Cape Kennedy, Florida area.

Since the basic wind statistics are given in terms of hourly
peak winds, use for this example the 7 = 10 minute gust factors to convert
the peak winds to mean winds by dividing by G. All gust factors in these
sections are mean values for any particular set of values for u, 7, and h. The
extremes will be published at a later date.



h=183m

FIGURE 5.2.30 GUST FACTOR AS A FIGURE 5.2.31 GUST FACTOR AS A
FUNCTION OF TIME FOR VARIOUS FUNCTION OF PEAK WIND (u) FOR
VALUES OF uyg,3 IN THE INTERVAL VARIOUS HEIGHTS
3.6 = Ui4g.3 =

TABLE 5.2.41 GUST FACTOR PROFILE FOR 7= 1.0 MIN AND
-1
w3 3 = 18 knots (9.27 ms )

Height Gust Factor
(t) (m) (G)
33 10.0 1.394
60 18.3 1.346
100 30.5 1.310
200 61.0 1.267
300 91.4 1.245
400 121.9 1.230
500 152.4 1.219
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TABLE 5.2.42 ONE-HALF-MINUTE GUST FACTORS FOR
KENNEDY SPACE CENTER, FLORIDA

60-ft (18.3-m)
peak wind

Height Above Natural Grade in Feet (meters)

kts (ms™h 33 (10.0) 60 (18.3) 100 (30.5) 200 (61.0) 300 (91.4) 100 (121.9) | 500 (152.4)
9.0 (4.63) 1.359 1.335 1.317 1.294 1,281 1.272 1.265
10.0 (5.15) 1.354 1.327 1.307 1,281 1,267 1.257 1,260
11.0 (5.66) 1.349 1.320 1.298 1,270 1.255 1,244 1,237
12.0 (6.18) 1.346 1.314 1.290 1.260 1.244 1.234 1.226
13.0 (6.69) 1.342 1.309 1.284 1,252 1.236 1.225 1.216
14,0 (7.21) 1.340 1.305 1,278 1,245 1.228 1.217 1,208
15.0 (7.72) 1.337 1.301 1,273 1,239 1.221 1.210 1,201
16.0 (8.24) 1.335 1.297 1,268 1.234 1,216 1.204 1.195
17.0 (8.75) 1,333 1.294 1.264 1.229 1.211 1.198 1. 189
18.0 (9.27) 1.332 1,291 1.261 1,225 1,206 1. 194 1. 185
19.0 (9.78) 1.330 1,289 1.258 1,221 1.202 1.190 1,181
20.0 (10.30) 1.329 1.287 1.255 1,218 1,199 1.186 1,177
25.0 (12.87) 1.324 1.279 1.245 1,206 1.187 1.174 1,164
30.0 (15.44) 1.322 1.274 1.240 1.200 1. 180 1. 167 1.157
ool ®) 1.318 1.268 1.232 1,191 1,170 1.157 1,147
TABLE 5.2.43 ONE-MINUTE GUST FACTORS FOR
KENNEDY SPACE CENTER, FLORIDA

60-ft (18.3-m) Height Above Natural Grade in Feet (meters)

peakwin({

kts (ms ) 33 (10.0) | 60 (18.3) 100 (30.3) | 200 (61.0) 300 (91,4) 100 (121.9) | H00 (152.4)
9.0 (4.63) 1.438 1,410 1.387 1.359 1,343 1,332 1,324
10.0 (5.15) 1,430 1.398 1,373 1.341 1,324 1.312 1,304
11.0 (5.66) 1.423 1.388 1.360 1.326 1.308 1.296 1,236
12.0 (6.18) 1.416 1.379 1,350 . 1.314 1,295 1,282 1.272
13.0 (6.69) 1.411 1.371 1.341 1.303 1,283 1,270 1.260
14.0 (7.21) 1,407 1,365 1.333 1,294 1.273 1.259 1,249
15.0 (7.72) 1,403 1.359 1.326 1.286 1.264 1.250 1. 240
16.0 (8.24) 1.399 1.354 1.320 1.279 1.257 1.243 1,232
17.0 (8.75) 1.396 1,350 1.315 1.272 1,250 1,236 1.225
18.0 (9.27) 1.394 1,346 1.310 1.267 1.245 1.230 1,219
19.0 (9.78) 1,391 1.342 1.306 1.262 1.240 1,225 1,214
20.0 (10.30) 1.389 1.339 1.302 1.258 1.235 1.220 1.210
25.0 (12.87) 1,382 1,328 1,289 1,243 1.220 1.205 1. 193
30.0 (15.44) 1.378 1.322 1.282 1.235 1.214 1.196 1. 185

w0l o) 1,372 1.314 1.271 1.223 1.199 1,183 1.172
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TABLE 5.2.44 TWO-MINUTE GUST FACTORS FOR

KENNEDY SPACE CENTER, FLORIDA

60-ft (18.3-m)

Height Above Natural Grade in Feet (meters)

peak win(‘i

kts (ms ) 33 (10.0) 60 (18.3) 100 (30.5) 200 (61.0) 300 (91.4) 400 (121.9) 500 (152.4)
9.0 (4.63) 1.539 1.505 1.477 1.442 1,422 1.409 1.399
10.0 (5.15) 1.526 1.487 1,456 1.417 1.396 1.382 1.371
11,0 (5.66) 1.514 1.471 1.438 1.397 1.375 1.360 1.348
12.0 (6. 18) 1.504 1.459 1.423 1.380 1.357 1.341 1,329
13.0 (6.69) 1.496 1.448 1.411 1,365 1.341 1.325 1.313
14.0 (7.21) 1.488 1.438 1.400 1,353 1.328 1.311 1.299
15.0 (7.72) 1.482 1.430 1.390 1.342 1.317 1.300 1.287
16.0 (8.24) 1,477 1.423 1.382 1.333 1.307 1.290 1.277
17.0 (8.75) 1.472 1.416 1.375 1,324 1.298 1,281 1.268
18.0 (9.27) 1.468 1.411 1.368 1,317 1.291 1,274 1,261
19.0 (9.78) 1.464 1.406 1.363 1.311 1.284 1.267 1.254
20.0 (10.30) 1,461 1.402 1.358 1.306 1.279 1.261 1.248
25.0 (12.87) 1,450 1.387 1.340 1.286 1,259 1.241 1.228
30.0 (15.44) 1,443 1.378 1,33t 1.276 1.248 1.230 1.217

ool ) 1.435 1,366 1.317 1.261 1.232 1.214 1.201
TABLE 5.2.45 FIVE-MINUTE GUST FACTORS FOR
KENNEDY SPACE CENTER, FLORIDA

Ho-ft (18,3-m) Height Above Natural Grade in Feet (meters)

peak wind

kts (ms ) 33 (10,0) 60 (18,3) 100 (30.5) | 200 (61,0) 300 (91.4) 400 (121,9) 500 (152.4)
0.0 (4.63) 1,712 1.666 1.630 1.583 1.558 1,540 1.527
to. 0 (5.15) 1. 686 1.635 1.595 1.545 1.518 1,494 1,485
11,0 {5.66) 1. 665 1.610 1.567 1.514 1.485 1,465 1,401
12,0 (6.1%) 1. 647 1.588 1.543 1,487 1.45% 1,437 1,422
13,0 (6. 69) 1.632 1.570 1.523 1.466 1.435 1.414 1.399
4.0 (7.21) 1.619 1.555 1.506 1.447 1.416 1. 395 1.379
15.0 (7.72) 1. 608 1.542 1.492 1.431% 1.399 1,378 1.362
16,0 (8.24) 1.598 1.531 1.479 1.418 1.385 1. 364 1,348
17.0 (8.75) 1,590 1.521 1.468 1.406 1.373 1.351 1.336
18.0 (9.27) 1.583 1.512 1.459 1.396 1.363 1. 341 1.325
19.0 (9.7R) 1.577 1.505 1.451 1.387 1.354 1.332 1.316
20.0 (10.30) 1.572 1.498 1.444 1.379 1.346 1.324 1.308
25.0 (12.87) 1.553 1.475- 1.418 1.352 1.318 1.296 1.280
30,6 (15.44) 1.542 1.462 1.404 1.337 1.303 t.281 1.265

o o) 1.528 1.445 1.385 1.316 1,282 1.260 1.244




TABLE 5.2.46 TEN-MINUTE GUST FACTORS FOR
KENNEDY SPACE CENTER, FLORIDA

60-ft (18.3-m) Height Above Natural Grade in Feet ( meters)
peak wi!:(ii
kts (ms ) 33 (10.0) 60 (18.3) 100 (30.5) 200 (61.0) 300 (91.4) 400 (121.,9) 500 (152,1)
9.0 (4.63) 1.868 1.812 1.767 1.710 1.679 1.658 1.642
10.0 (5. 15) 1,828 1. 766 1.718 1.657 1.624 1,602 1.585
11.0 (5.66) 1.795 1.729 1.678 1.614 1.580 1.556 1.539
12.0 (6.18) 1.768 1. 699 1.645 1.579 1.544 1.520 1.502
13.0 (6.69) 1.746 1,674 1.618 1.550 1.514 1.489 1,471
14,0 (7.21) 1,727 1.652 1.595 1.526 1.488 1,464 1,446
15.0 (7.72) 1.712 1.634 1.576 1.505 1.467 1.442 1.424
16.0 (8.24) 1. 698 1.619 1.559 1,487 1.449 1.424 1,406
17.0 (8.75) 1.686 1.606 1.545 1.472 1.434 1. 409 1.3%0
18.0 (9.27) 1.676 1.594 1.532 1.459 1,421 1.395 1.377
19.0 (9.78) 1.668 1.584 1.522 1.447 1.409 1,384 1.365
20,0 (10.30) 1.660 1.575 1.512 1,437 1.399 1.374 1,355
25.0 (12.87) 1.634 1.545 1.480 1,403 1.365 1.339 1.321
30.0 (15.44) 1.619 1.528 1.462 1.385 1.346 1.321 1.302
ol o) 1.599 1.505 1.437 1.359 1,320 1.295 1.277
5.2.7.2 Gust Factors for Other Test Ranges.

For design purposes, the gust factor value of 1.4 will be used
over all altitudes of the ground wind profile at other test ranges. This gust
factor should correspond to approximately a 10-minute averaging period.

5.2.8 Ground Wind Shear.

Local or point values of wind shear can be obtained by
differentiating Equation (1) 5.2.5 with respect to height, z. When the 18.3-
meter level is used as a reference and the 99.97 percentile values of k are
employed, the equation for local wind shear is given by.

-3/4
1/4 1.611
du  L.6ulls [ =z 183 (1) 5.2.8

dz z 18.3

Figure 5.2.32 presents the shears as computed with the above
equation for six levels. Wind shear near the surface, for design purposes, is a
shear that acts upon a space vehicle, free-standing on the pad, or attime of
lift-off. For overturning moment calculations, the 10-minute mean wind at the
height of the vehicle base and the peak wind profile value at the height of the
vehicle top is employed in the calculations,
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FIGURE 5.2.32 LOCAL WIND SHEARS FOR SIX LEVELS
5.2.9 Ground Wind Direction Characteristics.

Ground wind direction climatology is shown in Section 5.2.3,
Figures 5.2.8 through 5.2.11. The circular and elliptical standard vector
deviation wind roses were prepared from the January and July wind statistics
given in Table 5.2.1. As indicated in 5.2.3, the percentage label on each
circle or ellipse indicates the percentage of wind vectors that will originate in
that circle or ellipse. These data show the influence of large-scale or synoptic
influences upon the statistical variations in wind direction in the Cape Kennedy
area. They do not provide information on variations in wind direction over
specified periods of time. However, a detailed analysis of wind direction data
is now possible with approximately 3 years of continuously acquired meteoro-
logical data from NASA's 150-meter meteorological tower on Merritt Island,
Kennedy Space Center, Florida.

Figure 5.2.9 (Section 5.2.5) shows a time trace of wind
direction (a section of a wind direction recording chart). This wind direction
trace may be visualized as being composed of a mean wind direction plus
fluctuations about the mean. An accurate measure of wind direction in the free
atmosphere near the ground is difficult to obtain because of the interference of
the structure that supports the instrumentation and other obstacles in the
vicinity of the measurement location (Ref. 5.8). The measured wind directions
represent conditions existing at a given place, and they are directly applicable
in vehicle-response-to-ground-winds studies. General information such as
that which follows is available and may be used to specify conditions for
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5.

particular studies. For instance, the publication '"Meteorology and Atomic
Energy — 1968," (Ref. 5.24) discusses the variation of lateral wind-direction
for various stability regimes. A graph is shown in this report (Ref. 5.24)
that gives values of the standard deviation of the lateral wind direction o9

as a function of height for a sampling time of about 10 minutes. It states that

0 . . . . o1
o for sampling periods greater than 1 minute with some given stability con-
dition will always be greater when the wind is light than when it is strong. In

general, the more stable the air, the smaller the 09, except for the case of
meandering wind directions for very low wind speeds and very stable conditions.

A study by Lifsey (Ref. 5.14) of daily peak ground winds at
Cape Kennedy showed that a large percentage of wind speeds equal to or
exceeding 23 ms , excluding hurricane influenced winds, occur with a westerly
wind component. These wind directions were most likely associated with
frontal passages or local thunderstorms. Another interesting conclusion from
this study was that, from February through September, the most frequently
occurring wind direction with the associated daily peak wind speed was either
from the east, east-southeast, or southeast, while from September through
February, the most often experienced wind direction was northerly.

5.2.10 Tornadoes, Hurricanes, and Thunderstorm Winds.
5.2.10.1 Introduction.
The causes of high winds are summarized as follows:
a. Tornadoes: Upper limit unknown; estimated ~ 500 knots.

b. Hurricanes: By definition, a tropical storm with winds
> 64 knots, upper limit unknown; estimated ~ 160 knots.

c. Tropical Storms: By definition, a storm with winds < 64
knots and > 34 knots.

d. Thunderstorms: Upper limit not defined; typical values
~ 45 knots; severe thunderstorm by definition > 50 knots.

e. Frontal Passages: Without thunderstorms; typical to 35
knots, with squalls same as for thunderstorms.

f. Pressure Gradients: Long duration winds; winds to ~ 60
knots.
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These winds are discussed briefly in the following sections. References are
given for a more detailed discussion if required in mission analysis studies.

5.2.10.2 Tornadoes.

Tornadoes are recognized as the cause of the most destructive
force winds, and because of differential pressures created by tornadoes,
buildings have been known to literally explode. Fortunately, the aerial extent
of tornadoes is small compared with hurricanes, and the occurrence of tornadoes
at the seven stations of interest covered in this document is less frequent than
in the Central Plain states of the United States. Tornadoes are observed at
times in association with hurricanes in Florida and along the coastal states.
Thom (Ref. 5.25) has made an analysis of number of tornado occurrences.
Based on Thom's Analysis (Ref. 5.25), Table 5.2.47 has been prepared giving
tornado statistics for stations of interest.

TABLE 5,2.47 TORNADO STATISTICS FOR STATIONS SPECIFIED

Number of Mean Area A, Mean Mean
Station Tornadoes | Number of | (sq. |Number of | Recurrence
Tornadoes | mi.) |Tornadoes Interval
Per Year Per Year for a
at a Point Tornado
Striking a

Point (years)

Cape Kennedy 9 0.9 4220 0.00060 1667
Huntsville 12 1.2 3930 0.00086 1163
New Orleans 9 0.9 4140 0.00061 1639

Mississippi Test
Facility 12 1.2 4110 0.00083 1205

Western Test
Range 0 0 3710 0.00000 0

Wallops Island 5 0.5 3760 0.00038 2632

White Sands 2 0.2 4030 0.00015 6667
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The probability of one or more tornadoes in N years in area
(Ay) is given by

_ A
P{Ej, A; N} = 1 -exp(-X 5N (1) 5.2,10%

We choose for the area size for Ay as 2.8 square miles because Thom

(Ref. 5.25) reports 2.8209 square miles is the average ground area covered
by tornadoes in Iowa, and the vital industrial complexes for most locations are
of this general size. Thus, taking A; = 2.8 sq. mi. and A; = 1 sq. mi. and
evaluating Equation (1) 5.2. 10 for the values of x and A, for the stations

given in Table 5.2.47, we have Table 5.2,48, which gives the probability of
one or more tornado events in a 2.8 square miles area and a 1 square mile
area in 1 year, 10 years, and 100 years for the indicated seven locations. It
is noted that for Ay << Ay and N < 100, Equation (1) 5.2. 10 can be approxi-
mated by

P{E;, A;; N} = x 7‘:-1- N . (2) 5.2.10
2

An interpretation of the statistics in Table 5.2.48 is given using
Cape Kennedy as an example. There is a 5.8 percent chance that at least one
tornado will "hit" within a 2.8 square miles area on Cape Kennedy in 100 years.
For a 1 square mile area of Cape Kennedy, the chance of a tornado hit in 100
years is 2.1 percent. If several structures within a 2.8-square mile area on
Cape Kennedy are vital to a space mission and these structures are not
designed to withstand the wind and internal pressure forces of a tornado, then
there is a 5.8 percent chance that one or more of these vital structures will be
destroyed by a tornado in 100 years. Ifthe desired lifetime of these structures
(or 2.8 square miles industrial complex) is 100 years and the risk of
destruction by tornadoes is accepted in the design, then the design risk or
calculated risk of failure of at least one structure due to tornado occurrences is
5.8 percent. This example serves to point out that the probability of
occurrence of an event which it rare in one year becomes rather large when
taken over many years and that estimates for the desired lifetime versus
design risk for structures discussed in Section 5.2. 11 should be made with
prudence.

* Credit is due Prof, J. Goldman, Institute Storm Research, St. Thomas
University, Houston, Texas for this form of the probability expression.
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TABLE 5.2.48 PROBABILITY OF ONE OR MORE TORNADO EVENTS IN A
2.8-SQUARE-MILE AREA AND A 1-SQUARE-MILE AREA IN
1, 10, AND 100 YEARS

Mean P{E;, A;; N} for A, = P{E;, A;; N} for A, =
Number of 2.80-square-mile 1.00-square-mile
Per Year in N-1 N=10 N- 100 N=1 N=10 N=100
Station Area, A, yvear years yvears year years years
Cape Kennedy 0.9 0.00060 .0.00596 0.05797 0.00021 0.00213 0.02110

B

.00085 0,00851 (

.08195 (

Hunteville 1.: .00031 0.00305 0.03007

New Orleans 0.9 0.00061 0.00608 (

I Tornadoes
'

|

!

I

|

; . 05906 0.00022 0.00217 0.02160
|

1

Llissis<ippl Lest
Facility 1.

~w

.00082 0.00815 0.07850 0.00029 0.00292 0.02878

Westem Test
Range 0.0 (

.00000 0.00000 0.00000 0. 00000 0.00000 0.00000

1)
(=1

.00037 0.00371 0.03655 (

Wallops Island 0. .00013 0.00133 0.01321

White Sands 0.2 0.00012 | 0.00121 [ 0.01203 | 0.00004 | 0.00043 | 0.00431
— A
-x = N
P{E;, Ag N} = 1-¢ A&,
5.2,10.3 Hurricanes.

The occurrence of hurricanes at Cape Kennedy and other
locations for the Eastern Test Range is of concern to the space program
because of high winds and because range support for space operations is
closed during passage or near approach of a hurricane. Since the statistics
for hurricanes and tropical storm frequencies have not been completed to date,
this discussion will be restricted to the frequency of tropical storms, hur-
ricanes, and tropical storms and hurricanes combined (tropical cyclones) for
annual reference periods and certain monthly groupings, as a function of
radial distances from Cape Kennedy only.

By definition, a hurricane is a tropical storm with winds
greater than 64 knots, and a tropical storm is a cyclone whose origin is in the
tropics with winds less than 64 knots. There is no known upper limit for wind
speeds in hurricanes, but estimates are as high as 160 knots. Also, tornadoes

have been observed in association with hurricanes.
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To give a general indication of the frequency of tropical storms
and hurricanes by months within 100- and 400-nautical-mile radii of Cape
Kennedy, see Tables 5.2.49 and 5.2.50. From Table 5.2.49, it is noted that
hurricanes within 100 and 400 nautical mile of Cape Kennedy have been
observed as early as May and as late as December, with the highest frequency
during September. Inthe 68-year period (1899 to 1966), there were 117
hurricanes whose path (eye) came within a 400-nautical-mile radius of Cape
Kennedy; there were 19 hurricanes that came within a 100-nautical-mile radius
of Cape Kennedy during this period. From all available wind records along
the coast from Melbourne, Florida, to Titusville, Florida, the highest wind
gust during the passage of 16 of the 19 hurricanes that came within a 100-
nautical-mile radius of Cape Kennedy were obtained. For the three hurricanes

TABLE 5.2.49 NUMBER OF TABLE 5.2.50 NUMBER OF
HURRICANES IN A 68-YEAR PERIOD TROPICAL STORMS IN A 96-YEAR
(1899 to 1966) WITHIN A 100- AND A  PERIOD (1871 to 1966) WITHIN A

400-NAUTICAL-MILE RADIUS OF 100- AND A 400-NAUTICAL-MILE
CAPE KENNEDY, FLORIDA RADIUS OF CAPE KENNEDY, FLORIDA

Number of Hurricanes Number of Tropical Storms
Within: Within:

Months | {00 n.-mi. | 400-n.-mi|| M°"™5 | 100-n.-mi. | 400-n.-mi.
radius radius radius radius

Jan, 0 0 Jan. 0 0

Feb. 0 0 Feb. 1 i

Mar. 0 0 Mar, 0 0

Apr. 0 0 Apr. 0 0

May i 1 May 2 4

June 2 3 June 6 26

July 2 12 July 6 27

Aug. 3 23 Aug. 22 65

Sept. 5 42 Sept. 22 101

Oct. 5 30 Oct. 32 96

Nov. 0 5 Nov. i 17

Dec. 4 14 Dec. 1 1

Total 19 117 Total 93 338

for the years 1899, 1906, and 1925, the peak gusts were not available. Of the
16 hurricanes that came within a 100-nautical-mile radius of Cape Kennedy for
which the wind records are available, five produced wind gusts greater than
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65 knots,* ten produced wind gusts to 50 knots, and twelve had wind gusts less
than 36 knots. Thus, from these records, even if a defined hurricane path
comes within a 100-nautical-mile radius of Cape Kennedy, hurricane force

winds (speeds > 64 knots) are not always observed at Cape Kennedy. Hurricanes
at greater distances than 100 nautical miles could possibly produce hurricane
force winds at Cape Kennedy. It is recognized that hurricanes approaching

Cape Kennedy from the east (from the sea) will, in general, produce higher
winds at Cape Kennedy than those approaching the Cape after crossing the
peninsula of Florida (from land) .

5.2.10.3.1 Distribution of Hurricane and Tropical Storm Frequencies.

Given the mean number of tropical storms or hurricanes
(events) per year that come within a given radius of Cape Kennedy, and no
other information, has little utility. If the distribution of the number of tropical
storms or hurricanes is known to be a Poisson distribution, then the mean
number of events per year (or any reference period) can be used to completely
define the Poissondistribution function. In Table 5.2.51%**, we presentthe
annual observed (g;) and the Poisson (gc) frequencies forboth tropical storms and

hurricanes that come within 100-, 400-, and 600-nautical-mile radii of Cape
Kennedy. For example, there were 33 years when there were no tropical
cyclones (either tropical storms or hurricanes) within 100 nautical miles of
Cape Kennedy; there were four years in which three tropical cyclones came
within 100 nautical miles of Cape Kennedy. Tables 5. 2. 52 and 5. 2. 53%* give the
Poisson distribution for tropical storms and hurricanes in the Cape Kennedy,
area.

The mean number of tropical cyclones per year within any radius
of Cape Kennedy can be read from Figure 5.2.33. Similarily, the means versus
radius for tropical storms and hurricanes for the annual reference period can
be found from Figure 5.2.34, and for the monthly groupings July-August-
September and July-August-September-October, can be obtained from Figures
5.2.35 and 5.2.36.

Highest recorded Cape Kennedy Hurricane associated wind speed was about
76 knots.

#% Tables 5.2.51 through 5.2.53 are taken from an internal document prepared
for the Aerospace Environment Division by the Environmental Science
Services Administration Environmental Data Service, National Weather
Records Center, Asheville, North Carolina, under cross-service order:
by N. B. Guttman and F. T. Quinlan, NASA Report 67-6, July 1967.
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TABLE 5.2.51 POISSON DISTRIBUTION FOR ANNUAL FREQUENCY OF
HURRICANES AND TROPICAL STORMS COMBINED WITHIN A 100-, A 400-,
AND A 600-NAUTICAL-MILE RADIUS OF CAPE KENNEDY, FLORIDA
(1886 to 1967)

100-n. -mi, Radius 400-n. -mi. Radius 600-n. -mi. Radius
x | g f(x) 8, i-F g f(x) g, 1-F o f(x) g, i-F
0 33 0.4056 33.3 0.5944 2 0.0295 2.4 0.9705 2 0.0093 0.8 0.9907
1 28 0.3660 30.0 0.2284 | 11 0.1038 8.5 0.8667 5 0.0433 3.6 0.9474
2 17 0.1652 13.5 0.0633 | 15 0.1830 | 15.0 0.6836 6 0.1014 8.3 0.8460
3 4 0.0497 4.1 0.0136 | 16 0.2150 | 17.6 0.4686 | 12 0.1584 | 13.0 0.6876
4 14 0.1895 | 15.5 0.2792 | 13 0.1854 | 15,2 0.5022
5 14 0.1335 | 11.0 0.1456 | 18 0.1736 | 14.2 0.3286
6 4 0.0785 6.4 0.0672 | 14 0.1355 | 11.1 0.1931
7 2 0.0395 3.2 0.0277 3 0.0907 7.4 0.1024
8 2 0.0174 1.4 0.0103 3 0.0531 4.4 0.0493
9 0 0.0099 0.8 0.0091 3 0.0276 2.3 0.0217
10 2 0.0024 0.2 0.0079 2 0.0129 1.1 0.0088
11 0 0.0088 0.8 0.0086
12 0 0.0048 0.4 0.0083
13 i 0.0008 0.1 0.0080
x 0.9024 3.5244 41,6829
s:( 0.7954 4.1518 5.5092
Good -
ness
of fit
can - 5% 5% 5%
not
reject
at
level
Notes:
go is observed frequency
f(x) 1is theoretical ( Poisson) frequency
g is relative frequency

c
(1-F) is probability of having greater than x events
1886 - 1967 = N = 82
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TABLE 5.2.52 POISSON DISTRIBUTION FOR ANNUAL FREQUENCY OF
TROPICAL STORMS WITHIN A 100- AND A 400-NAUTICAL-MILE RADIUS OF
CAPE KENNEDY, FLORIDA

100-n. -mi. Radius 400-n. -mi, Radius
X g0 f(x) gc i1-F 0 f(x) gc i-F
0 38 0.3795 36.43 1.0000 2 0.0296 2.84 1.000
i 29 0.3677 35.30 0.6205 9 0.1042 10.00 0.9704
2 23 0.1780 17.09 0.2528 | 24 0.1834 17.61 0.8662
3 6 0.0575 5.52 0.0748 13 0.2152 20.66 0.6828
4 17 0.1894 | 18.18 0.4676
21 0.1334 12.81 0.2782
5 0.0783 7.52 0. 14438
2 0.039%4 3.78 0.0665
2 0.0173 1.66 0.0271
i 0.0068 0.65 0.0091
Ade-
quacy {
of 0.70>P(x§>87.7)>0.60 0.60>P(x§ >92.0) > 0.50
. 5 5
Pois-
son
Good-
ness 0.20 > P >3.28) > 0. 10 0.05 > P(¥ > 11.8) > 0.025
of . . . . X . .
fit l | l l I
5.2.10.3.2 Probability of One or More Storm Events Versus Any Radius
of Cape Kennedy.
From the Poisson distributions, we can obtain the following
equation:

-In [-In P{Ej, r}] = -[lna+bInr].

(3) 5.2.10
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TABLE 5.2.53 POISSON DISTRIBUTION FOR ANNUAL FREQUENCY OF
HURRICANES WITHIN A 100- AND A 400-NAUTICAL-MILE RADIUS OF
CAPE KENNEDY, FLORIDA

100-n. -mi. Radius 400-n. -mi. Radius

X g0 f(x) gc i-F g0 f(x) gc i-F
0 54 0.7674 52.00 1.0000 15 0.1790 12.17 1.0000
1 11 0.2031 15.82 0.2326 19 0.3081 20.95 0.8210
2 4 0.0269 2.00 0.0295 14 0.2650 - 18.02 0.5129
3 0.18 0.0026 14 0. 1521 10.34 0.2479
4 2 0.0654 4 .45 0.0958
5 4 0.0226 1.54 0.0304
6

Ade-

quacy

of P(¢ > 76.5) = 20

Pois-

son

Good-

ggss 0.40 > P(¥® > 3.03) > 0.30

fit, | | |

where x = arb is an empircal function for the mean number of storm events
versus radius r. If either a tropical storm or a hurricane within a 600-
nautical-mile radius of Cape Kennedy is of concern to the space mission
planner, then he can expect to have this event one or more times in any year
with a probability of 0.9907. Stated in another way: 99 percent of the years
he can expect to have this concern more than once. This probability is taken
from Table 5.2.51, the last column (1-F).
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Using the tabulated values for a's and b's given in Table
5.2.54, Equation (3) 5.2.10 was evaluated, and the results are illustrated in
Figure5.2.37. From Figure 5.2.37, the probability of no event, P{E,, r}, forthe
following can be read: (1) tropical cyclones, tropical storms, and hurricanes
for annual reference periods; and (2) tropical storms, and hurricanes for
July-August-September; and (3) tropical storms and hurricanes for July-
August-September-October, versus radius in nautical miles from Cape
Kennedy. To obtain the probability for one or more events, P{E,, r}, for
Figure 5.2.37, the reader isrequired to subtractthe P{E,, r}, read from the
abscissa, from unity; that is, [1 - P{E,, r}] = P{E4, r}. For example, the
probability that no hurricane path (eye) will come within 300 nautical miles of
Cape Kennedy in a year is 0.31, (P{E,, r =300} = 0.31), and the probability
that there will be one or more hurricanes within 300 nautical miles of Cape
Kennedy in a year is 0.69, (1 - 0.31=10.69).

B Tropical Cyclones Annval

Rodius (n.mi.)

Tropical Sterms

Tl, Annual

-
\ Hurricanes
© TT July » Aug - Sept « Oct.
T3’ July » Aug » Sept N, July « Aug » Sept
30 N2 July « Aug » Sept » Oct

251 ‘ H‘ Annvel

201

1 | S N NS WS W BN B N | A (AN ll|°I |g | :

g = 8 8 8 g 8 8 B8 8 3

T 38883838833 ;3{2.:-355 §  Epp(E, ) 3

| 1 1 | 1 | | 1 | _J

2 ] 0 1 12 3 S 6 ?
e 2¢ 3

FIGURE 5.2.37 PROBABILITY OF NO TROPICAL CYCLONES, TROPICAL
STORMS, OR HURRICANES FOR VARIOUS REFERENCE PERIODS VERSUS
VARIOUS RADII FROM CAPE KENNEDY, FLORIDA
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TABLE 5.2.54 STATISTICS OF HURRICANES AND TROPICAL STORMS
WITHIN A 100- AND A 400-NAUTICAL-MILE RADIUS OF
CAPE KENNEDY, FLORIDA

P{E} P{Ey} X a Ina b
Hurricanes or Tropical
Storms
Annual
Hurricanes: .
100 n. mi, 0.7674 0.2326 0.2647 5.2765x10 -7.54713 1.35022
400 n, mi. 0.1790 0.8210 1,7206
Tropical Storms: -
100 n, mi, 0.3795 0.6205 0.9688 1.332x10 -4,31855 0.93087
400 n. mi. 0.0296 0.9704 3.5208
July-Aug. -Sept.
Hurricanes: »
100 n. mi. 0.8760 0.1240 0.13235| 1.059x%10 -9.15312 1.54844
400 n. mi, 0.3223 0.6777 1.13235
Tropical Storms: -
100 n. mi. 0.5940 0.4060 0.5208 5.862x10 -5.13919 0.97431
400 n. mi. 0.1339 0.8661 2.0104
July-Aug. -Sept. -Oct.
Hurricanes: B
100 n. mi. 0.8139 0.1861 0.2059 2,3962x10 -8,33646 1.46705
400 n. mi. 0.2073 0.7927 1.5735
Tropical Storms: "
100 n., mi. 0.4256 0.5744 0.8542 1.3007%x10 -4,34225 0.90868
400 n. mi, 0.0493 0.9507 3.0104
Tropical Cyclone
(Hurricanes and
Tropical Storms)
Annual
Hurricanes:
100 n. mi, 0.4056 0.5944 0.9024 0.0115 -4.4697 0.9444
400 n. mi. 0.0295 0.9705 3.5243
600 n. mi, 0.00925 | 0.99075 | 4.6830
Notes:
a, In a, b are coefficients for the expression
X = a rb, where r is the radius in nautical miles
A . ops .
X = mean number of events in the specified reference period
P{E,} % probability of no events occurring in the specified reference periods.

P{E} probability of one or more events occurring in the specified reference periods.
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5.2.10.4 Thunderstorms.

Thunderstorms are of primary concern in the design of space
vehicles and related facilities, in the planning of space missions, and in
launch operations, because of high winds, lightning hazards, and extreme
turbulence associated with this atmospheric phenomena.

5.2.10.4.1 Frequency of Thunderstorm Days and Associated Peak Winds
for Cape Kennedy, Florida.

Because of the high frequency of occurrence of thunderstorms
at Gape Kennedy, particularly during the summer, thunderstorms are perhaps
the most frequent cause for operational decisions concerning space operations
relative to meteorological factors. Since the frequency of the thunderstorm
events are well documented for Cape Kennedy by Falls (Ref. 5.26), and since
the persistence of thunderstorms at Cape Kennedy, in terms of conditional
probabilities have been documented as well (Ref. 5.27), the following discus-
sions will be devoted primarily to distributions of daily wind speeds on thunder- |
storm days, nonthunderstorm days, and daily peak thunderstorm wind speeds. |

In Figure 5.2.38, we present the empirical probability that a
thunderstorm will occur in the Cape Kennedy area at each hour of the day
versus month. The highest frequency of thunderstorms (24%) is at 1600 EST

Hour EST
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FIGURE 5.2.38 PROBABILITY (%) OF OCCURRENCE OF THUNDERSTORMS
BY MONTHS VERSUS TIME OF DAY IN THE CAPE KENNEDY, FLORIDA AREA
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in July. A thunderstorm is reported by standard observational practice if
thunder is heard, which it can be over a radius of approximately 25 kilometers.,
Thus, the statistics presented in Figure 5.2.38 are not necessarily the
probability that a thunderstorm will "hit," for example, a vehicle on the launch
pad, or occur at a given location on Cape Kennedy. Information on probability
of lightning stroke is given in Section 9.1.2.

From a statistical 10-year sample of thunderstorm events for
Cape Kennedy, including the beginning and ending times of thunderstorms; the
peak winds during each thunderstorm event; and a code indicating whether more
than one thunderstorm was observed for each event; weather; and other related
phenomena, we have computed the percentage of days that had one or more
thunderstorm events (see column A, Table 5.2.55); the parameters, « and L
(The Gumbel distribution is discussed in Section 5.2.4.4.5. ); and the 95th
percentile for samples of (1) daily peak wind speeds for nonthunderstorm days,
(2) daily peak winds for thunderstorm days, (3) daily peak winds on all days,
and (4) daily peak thunderstorm wind speeds for the indicated reference
periods. Also see Reference 5.62 for additonal information.

From the mode, p, (the 36.788th percentile) and the 95th
percentile values from Table 5.2.55, plots of the Gumbel distribution for these
samples are shown in Figures 5.2.39 through 5.2.55,

Using April, (Fig. 5.2.42) as an example to show the utility
of these distributions of daily peak winds, the following summary is made:

(a) The probability that the peak wind speed for any day in
April exceeding 30 knots at the 10-meter level ( ~32 knots at the 60-ft reference
level) is 0.070. (This probability is obtained from the distribution for "all
days," Fig. 5.2.42 as 1 - 0.930 = 0.070.)

(b) For nonthunderstorm days, the probability that the daily
peak wind speed will exceed 30 knots, 10-meter level, is 0.04 (1-0.96=0.04
from Fig. 5.2.42, nonthunderstorm days) .

(¢) Tor thunderstorm days (when thunder is heard one or
more times), the probability that the daily peak wind speed will exceed 30
knots, 10-meter level, is 0.30 (1 - 0.70 = 0.30).

(d) From Column A, Table 5.2.55, the frequency of days
with thunderstorms is 10 percent. Thus, the probability that a daily peak
thunde rstorm wind will exceed 30 knots (10-meter level) on any day in April
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i d

£ .
>4 1
ia Pz A
4 r [J =
= /1
K L1+ T
Y //
// 4/ 1ol days
-
|1 1~ 3 nonthundersterm doy
L~ i thund wind
4= e
/]
SR
: g ] : 2 8 g : ] %
g ¥z R2%§83 8 53 88 3iIL oz & 3 §
L L Peobability s

FIGURE 5.2.42 GUMBEL DISTRIBUTIONS OF DAILY PEAK WINDS,
CAPE KENNEDY, FLORIDA — APRIL

[91]
[Zo]
[9)]



5.96

A
/ ]
40 =
E 2 . - —
¢
3 ] 3 e
HEY —
3
- /
& %% gt days
dorstorm doys
/1/%’ 3 nombendorareon days
4 daily posk thundrrstarm w
/// at the 10um level
0 e
°
3 §8 §3§85§ 8 §8 8¢ sy i ] 3 :
§ 3§21 83%335 33 8¢ 3 8 ¢ % g
L " " N 1 Probebitity " s P )
2 3 o 1 2 3 0 s 0 7

FIGURE 5.2.43 GUMBEL DISTRIBUTIONS OF DAILY PEAK WINDS,
CAPE KENNEDY, FLORIDA — MAY

—
4
2 /
)
R L
H / / 2
3 |1
i — | 1 /
h-4 L1
N 1 T
3 ——
] A
¢ 2 14/ 1 sll.days
handeraterm day
3 nonthunderstorm day
4 doily peok thunderstorm winds
» at the 10w level
10
ol r o
g 28 g 8 g g 2 8§ g g 3
=) d s d 3333 3 23T 33 333 3 & <] S
— L Probobiliy N .
2 Y ] 1 2 4 B 6 7

FIGURE 5.2.44 GUMBEL DISTRIBUTIONS OF DAILY PEAK WINDS,
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FIGURE 5.2.45 GUMBEL DISTRIBUTIONS OF DAILY PEAK WINDS,
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FIGURE 5.2.47 GUMBEL DISTRIBUTIONS OF DAILY PEAK WINDS,
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FIGURE 5.2.49 GUMBEL DISTRIBUTIONS OF DAILY PEAK WINDS,
CAPE KENNEDY, FLORIDA — NOVEMBER
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FIGURE 5.2.53 GUMBEL DISTRIBUTIONS OF DAILY PEAK WINDS,
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FIGURE 5.2.55 GUMBEL DISTRIBUTIONS OF DAILY PEAK WINDS,
CAPE KENNEDY, FLORIDA — ANNUAL

is the probability that a 30-knots peak wind will be exceeded on a thunderstorm
day (which is 0.30 obtained in (b) above) times the probability that a day in
April will have a thunderstorm (0.30 x 0.10 =0.03).

(e) The probability that the daily peak thunderstorm wind
will exceed 30 knots is 0.23 (1 -0.77).

(f) If the operations weather forecaster can predict with
certainty that a day will or will not have thunderstorms at Cape Kennedy, then,
with no other information, a very good probability prediction for the daily
peak wind can be made using the distributions given in Figures 5.2.39 through
5.2.55,

From the empirical conditional probabilities for consecutive
days with and without thunderstorms (Ref. 5.27), the forecaster has a further
aid in predicting whether or not the next or any future day will have a thunder-
storm.

From (Ref. 5.26), the frequency of the observed number of
days that had x (x =0, 1, 2, . ..) thunderstorm events at Cape Kennedy is an
excellent fit to the negative binomial distribution. The probability of exactly
x events (density function) for the negative binomial distribution is given by
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x+k-1 kK x
P{x} = ( )p a4, (4) 5.2.10
k-1
or, in terms of the gamma function as
_ I (x+k) k x
P{x} = < T P d . (5) 5.2.10
wherex=0, 1, 2, ...;k >0, 0 =P =1; and the distribution function is
given by
N T (x+k) k x
= — 6) 5.2.10
F(x) Z <. T(k) P a4 , (6)

x=0

which gives the probability of obtaining a value of less than or equal to some
particular value x, say x,.

The sample moment estimators for the parameters k and p are

k* = T——- 2 p* = k+i

The sample estimators for x, s; , k*, p* and the sample size n for thunder-

storm events are given in Table 5.2.56 for those months that had a sufficiently
large number of days with thunderstorm events.

Using the values for the parameters given in Table 5.2.56,
Equations (5) 5.2.10 and (6) 5.2.10 have been evaluated and reported in
Ref. 5.26. Also given in Ref. 5.26 are the conditional probabilities to answer
this question: Given that 1, 2, 3, ... thunderstorm events have occurred on a
day, what is the probability that 1, 2, 3, ... additional thunderstorm events
will occur on that day? Specific recommendations for vehicle design criteria
are given in Section 5.2.11.1 and Section 5.2.5.5.

5.2.10.4.2 Frequency of Thunderstorm Days for Wallops Island, White
Sands, and Vandenberg, A.F.B,

Unfortunately, the statistics for thunderstorms for other ranges
are not as comprehensive as for Cape Kennedy. The mean number of days
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TABLE 5.2.56 PARAMETERS FOR NEGATIVE BINOMIAL DISTRIBUTION
FOR THUNDERSTORM EVENTS AT CAPE KENNEDY, FLORIDA

Reference
Period X SX2 k * p* n
Mar, 0.150 0.268 0.189 0.558 341
Apr. 0.142 0.237 0.214 0.600 330
May 0.352 0.621 0.460 0.567 341
June 0.752 1.169 1.354 0.643 330
July 0.874 1.277 1.893 0.684 341
Aug, 0.809 1.280 1.391 0.632 341
Sept. 0.509 0.777 0.967 0.655 330
Oct. 0.138 0.242 0. 182 0.570 341
Mar. -Apr. -May 0.215 0.386 0.271 0.557 1012
June-July -Aug. 0.812 1.245 1,523 0.652 1012
Sept. -Oct. -Nov. 0.227 0.397 0.302 0.571 1001

TABLE 5.2.57 MEAN NUMBER OF DAYS WITH THUNDERSTORMS FOR
WALLOPS ISLAND TEST RANGE, VIRGINIA; WHITE SANDS MISSILE RANGE,
NEW MEXICO; AND VANDENBERG AIR FORCE BASE, CALIFORNIA

Reference Wallops White Vandenberg
Period Island Sands AFB
Jan, 0.2 0.3 0.1
Feb. 0.5 <0.05 0.3
Mar. 2.1 0.7 0.3
Apr. 3.4 1.8 0.1
May 5.1 2.9 <0.05
June 7.0 5.8 <0.05
July 8.8 11.6 0.2
Aug. 8.3 9.1 0.2
Sept. 3.2 3.3 0.5
Oct. 1.3 2.0 <0.05
Nov. 0.4 0.2 0.1
Dec. 0.3 0.4 0.1
Annual 40.6 38.1 1.9
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with thunderstorms at Norfolk, Virginia, taken from 12 years of record used
in lieu of Wallops, and for Holloman, taken from 13 years of records used in
lieu of White Sands, and for Vandenberg, taken from 9 years record, are
given in Table 5.2.57.

5.2, 11 Ground Wind Criteria.
5.2.11.1 Vehicle Design Wind Criteria,

Data on basic wind speed profiles given in section 5.2.5.5
are to be used for vehicle design. With respect to design practices, the
application of peak winds and the associated turbulence spectra and discrete
gusts should be considered. The maximum response obtained for the selected
risk levels for each physically realistic combination of conditions should be
employed in the design, but not the sum of all individual response calculations,
for example, to the peak wind, discrete gust, turbulence spectra, and steady
state wind. Also consideration should be given to the appropriate exposure
period for free standing risk wind value selection, See Appendix 5A also,

5.2.11.2 Design Winds for Facilities and Ground Supply Equipment.
5.2.11.2.1 Introduction.

In this section, the important relationships between desired
lifetime (N), calculated risk (U), design return period (TD) , and design wind

(WD) relative to the 10-meter reference level for ground winds will be
described for use in facilities design for several locations.
a., The desired lifetime (N) is expressed in years, and

preliminary estimates must be made as to how many years the proposed
facility is to be used.

b. The calculated risk (U) is a probability expressed either
as a percentage or as a decimal fraction. Calculated risk, sometimes referred
to as design risk, is a probability measure of the risk the designer is willing
to accept that the facility will be destroyed by wind loading in less time than
the desired lifetime.

c. The design return period (TD) is expressed in years and

is a function of desired lifetime and calculated risk.
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d. The design wind (W_) is a function of the desired lifetime,
and calculated risk, which can be derivé%l either through the design return
period and a probability distribution function of yearly peak winds or from an
analytical expression.

5.2.11.2.2 Development of Relationships.

From the theory of repeated trial probability we can derive
the following expression:

N = -on-U) . (1) 5.2.11

1n(1-¢r1--)
D

Equation (1) 5.2.11 gives the important relationships for the
three variables, calculated risk (U), design return period (TD) , and desired

lifetime (N). Having estimates for any two variables, the third can be
determined.

From the derivation of equation (1) 5.2. 11, solutions for the
design return period versus desired lifetime for various design risks are
illustrated in Figure 5.2.56. In Table 5.2.58, the exact and adopted values
for design return period versus desired lifetime for various design risk are
presented. The adopted values for TD are in some cases greatly oversized to

facilitate a convenient use of the tabulated probabilities for the distributions of
yearly peak winds.

5.2.11.2.3 Design Winds 10-Meter Level for Facilities at Cape Kennedy.

To obtain the design wind, it is required to determine the wind
speed corresponding to the design return period. Since the design return
period can be expressed in terms of probability, either of two procedures can
be used to determine the design wind: one being through a graphical or
numerical interpolation procedure; and the second, from an analytical function
that will be derived. A knowledge of the distribution of yearly peak winds is
required for both procedures. For the greatest statistical efficiency in
arriving at a knowledge of the probability that peak winds will be less than or
equal to some specified value of yearly peak winds (that is, P{W = W*} or for
exceedance probabilities, P{W > W*} = [1 - P{W = W*}]), the choice of an
appropriate probability distribution function is made, and the parameters for
the function are estimated from the sample of yearly peak winds. For the
investigation leading to the distribution of hourly, daily, monthly, and yearly
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TABLE 5.2.58 EXACT AND ADOPTED VALUES FOR DESIGN RETURN
PERIOD (T, years) VERSUS DESIRED LIFETIME (N, years) FOR VARIOUS
DESIGN RISKS (U)

Design Return Period (years)

N I
(years) U =0.50% U =0.20% U =10% U=5% U=1%

Exact Adopted |Exact Adopted |[Exact Adopted |Exact Adopted | Exact Adopted

i 2 2 15 5 10 10 20 20 100 100
10 15 15 45 50 95 100 196 200 996 1000
20 29 30 90 100 190 200 390 400 1991 2000
25 37 40 113 125 238 250 488 500
30 44 50 135 150 285 300 585 600
50 73 100 225 250 475 500 975 1000

100 145 150 449 500 950 1000 1950 2000

peaks, discussed in Section 5.2.4.4, it was learned that the Gumbel distribution
was an excellent fit for the 17 years of yearly peak ground winds at the 10-
meter level for Cape Kennedy. (The Fréchet, a special case of Fisher-Tippett
Type II, distribution mentioned in Section 5.2.4.45 was also an adequate fit to
this sample.) The distribution of yearly peak wind ( 10-meter level), as
obtained by the Gumbel distribution, is tabulated for various percentiles along
with the corresponding return periods in Table 5.2.59. The values for the
parameters, & and pu, for this distribution are also given in Table 5.2.59.
Figure 5.2.57 gives a plot of the Gumbel distribution for yearly peak wind
(10-meter level) for Cape Kennedy. The design wind can now be determined
by making a choice for desired lifetime and design risk and by taking the design
return period from Table 5.2.58 and looking up the wind speed corresponding to
the return period given in Table 5.2.59. For combinations not tabulated in
Tables 5.2.58 and 5.2.59, the design return period can be interpolated from
Figure 5.2.56, and the design wind can be interpolated from figure 5.2.57.

5.2.11.2.4 Analytical Procedure to Determine Design Winds for Facilities
Relative to 10-Meter Level Ground Winds.

It is desired to show an analytical form for the design wind (WD)
as a function of desired lifetime (N) and calculated risk (U), given a Gumbel
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TABLE 5.2.59 GUMBEL DISTRIBUTION FOR YEARLY PEAK WIND SPEED,
10-METER LEVEL, INCLUDING HURRICANE WINDS,
CAPE KENNEDY, FLORIDA

Return Period
(years) Probability y Knots
2 0.50 0.36651 49.47
5 0.80 1.49994 61.79
10 0.90 2.25037 69.95
15 0.933 2.66859 74.50
20 0.95 2.97020 77.77
30 0.967 3.39452 82.39
45 0.978 3.80561 86.86
50 0.98 3.90191 87.90
90 0.9889 4.49523 94.35
100 0.99 4.60015 95.49
150 0.9933 5.00229 99.86
200 0.995 5.29581 103.05
250 0.996 5.51946 105.48
300 0.9967 5.71218 107.58
400 0.9975 5.99021 110.60
500 0.9980 6.21361 113.02
600 0.9983 6.37628 114.20
1000 0.9990 6.90726 120.56
10000 0.9999 9.21029 145,60

@ = 0.0920 (knots) T —— = 10.8675 (knots) p = 45.49 (knots)
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FIGURE 5.2.57 GUMBEL DISTRIBUTIONS FOR YEARLY EXTREME PEAK
WIND SPEED, 10-METER LEVEL, HURRICANE WINDS INCLUDED,
CAPE KENNEDY, FLORIDA

This expression for the design wind (WD) as a function of N

and U for the Gumbel distribution of peak winds at the 10-meter reference
level can be derived as:

W= = {-fn [-In (1-U)] +InN}+ (2) 5.2.11

where @ and p are estimated from the sample of yearly peak winds discussed
in Section 5.4.4.5.
Taking the values for —011- = 10.8695 (knots) and for

p=45.49 (knots) from Table 5.2.59 and evaluating Equation (2) 5.2.11 for
selected values of N and U, gives Table 5.2. 60 the design wind (WD) in terms

of the peak wind at the 10-meter level as a function of desired lifetime for
various calculated risk for facilities design at Cape Kennedy.
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An inspection of Equation (13) 5.2. 11 reveals that the design

wind (W_ ) is a linear function of the logarithm of the desired lifetime for

Dy
given values of @ and p. Thus, a convenient plot for design wind versus
desired lifetime can be illustrated as in Figure 5.2.58. The slope of all curves
8WD
ON
all risk levels, in contrast to Figures 5.2.14 and 5.2. 15, Section 5.2.4, where

1
in Figure 5.2.58 is the same; therefore is a constant equal to o for

the slopes increased with decreasing risk because Y increased with increasing
exposure time.

5.2.11.2.5 Requirements for Wind Load Calculations.

The design wind for a facility cannot be determined solely by
wind statistics at a particular height. Estimates of wind loads are required,
for which a wind profile is needed. The design engineer is most interested
in designing a facility which satisfies the users' requirements for utility, which
will have a minimum risk of failure within the desired lifetime of the facility
and which can carry the maximum wind load and be constructed at a minimum
cost. The total wind loading on a structure is composed of two interrelated
components, drag wind loads and dynamic wind loads. The time required for
a structure to respond to the drag wind loads dictates the averaging time for
the wind profile. In general, the structure response time depends upon the
shape and size of the structure. The natural frequency of the structure, the
size and shape of the structure, and of its components, are important in
estimating the dynamic wind load. It is conceivable that a structure could be
designed to withstand very high wind speeds without structural failure and still
oscillate in moderate wind speeds. If such a structure, for example, has as its

use to support a precision tracking radar, then there may be little danger of
overloading the structure by high winds; but the structure might be useless
for its intended purpose if it oscillated in a moderate wind. Also, a building
may have panels or small members that could respond to dynamic loading in
such a way that long term vibrations could cause failure, and yet there would
be no structural failure of the main supporting members. Since dynamic wind
loading requires an intricate knowledge of the particular facility and its com-
ponents, no attempt is made here to state generalized design criteria for
dynamic wind loading. The emphasis in this section is upon winds for
estimating drag wind loads in establishing design wind criteria for facilities.
Reference is made to Section 5.2.5 for some information appropriate to
dynamic wind loads.
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TABLE 5.2.60 DESIGN WIND (WD ) WITH RESPECT TO THE 10-METER
10

LEVEL PEAK WIND SPEED FOR VARIOUS LIFETIMES (N),
CAPE KENNEDY, FLORIDA

Design Wind (W__ , knots)
for Various Life:gmes (N)a

U 1-U In [In (1-U)] N=1 N=10 N=30 N=100
0.63212 0.36788 0 45.49 70.52 82.46 95.55
0.50 0.50 0.36651 49,47 74.50 86.44 99.53
0.4296 0.5704 0.57722 51.76 76.79 88.73 | 101.82
0.40 0.60 0.67173 52.79 77.82 89.76 | 102.85
0.30 0.70 1.03093 56. 70 81,72 93.67 | 106.75
0.20 0.80 1.49994 61.79 86.82 98.76 | 111.85
0.10 0.90 2.25037 69.95 94 .98 106.92 | 120.01
0.05 0.95 2.97020 T77.77 | 102.80 114,74 127,83
0.01 0.99 4,60016 95.49 120.52 132.46 | 145.55

2 Values of N are given in years
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5.2.11.2.6 Wwind Profile Construction.

Given the peak wind at 10-meter level, the peak wind profile
can be constructed using the peak wind profile law from Section 5.2.5, Equation

(1) 5.2.5, can be obtained by using the appropriate gust factors which are dis-
cussed in Section 5.2.7,

To illustrate the procedures and operations in deriving the
wind profile and the application of the gust factors, three examples are worked
out for Cape Kennedy. The peak wind speed at the 10-meter level of 70, 95, and
120 knots have been selected for these examples. These three wind speeds were
selected because they correspond to a return period of 10 years, 100 years, and
1000 years for a peak wind at the 10-meter level at Cape Kennedy (see Fig.
5.2.57). Now, let us consider 70-, 95-, and 120-knot peak wind at the 10-
meter level to be the design wind relative to the peak wind at the 10-meter
level (WDm) , and the corresponding return periods to be the design return

periods. Then the calculated risks versus the desired lifetimes are given in
Table 5.2.61.

From an evaluation of Equation (1) 5.2.5 for z = 10, 18.23
30.5, 61.0, 91.4, 121.9, and 152.4 m, the peak wind profiles corresponding
to the peak winds of 70, 95, and 120 knots at the 10-meter level, shown in
Table 5.2.62, were obtained by a table look-up. Table 5.2.62 gives the peak
design wind profiles corresponding to the desired lifetimes and calculated risks
presented in Table 5.2.61.

5.2.11.2.7 Use of Gust Factors Versus Height.

In estimating the drag load on a particular structure, it may
be determined that wind force of a given magnitude must act on the structure
for some period (for example, 1 min.) to produce a critical drag load. To
obtain the wind profile corresponding to a time averaged wind, the peak wind
profile values are divided by the required gust factors. The gust factors for
winds > 30 knots versus height given in Table 5.2. 63 are taken from Tables
5.2.42 through 5.2.46, Section 5.2.7. This operation may seem strange to
those engineers who are accustomed to multiplying the given wind by a gust
factor in establishing the design wind. This is because most literature on this
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subject gives the reference wind as averaged over some time increment
(for example, 1 min, 2 min, or 5 min) or in terms of the '"fastest mile' of
wind that has a variable averaging time depending upon the wind speed. The
design wind profiles for the three examples, that is, in terms of the peak winds
of 70, 95, and 120 knots at the 10-meter level, for various averaging times
() are illustrated in Tables 5.2.64, 5.2.65, and 5.2.66. Following the pro-
cedures presented by this example, the design engineer can objectively derive
several important design parameters that can be used in meeting the objective
of designing a facility that will meet
TABLE 5.2.61 CALCULATED RISK the requirements for utility and desired
(U) VERSUS DESIRED LIFETIME lifetime, that will withstand the
(N, years) FOR ASSIGNED DESIGN  maximum wind loading with a known

WINDS (WD16= 70, 95, and 120 knots)  calculated risk of failure, caused by

RELATED TO PEAK WINDS AT THE Wind loads, and proceed with trade-off

10-METER LEVEL, CAPE KENNEDY, studies between the design ‘parameters
and estimate the cost of building a

FLORIDA )
structure to best meet these design
objectives.

W = W = W =
Dy Dy Dy .
70 knots | 95 knots | 120 knots 5.2.11.2.8 Recommended Design
Tp = Tp= Ty = Risk Versus Desired
N 10 years | 100 years |[1000 years Lifetime.
(years) u% u% u%

Unfortunately, there is
not a clear-cut precedent from building
codes to follow in recommending design
risk for a given desired lifetime of a

1 10 1.0 0.1
i
2
25 93 22 2.5 structure. This could be because the
3
5

10 65 10
20 88 18

30 95.8 26 consequences of total loss of a structure
because of wind forces differ according
to the purpose of the structure. Con-
ceivably, a value analysis in terms of
T, = Design return period original investment cost, replacement
cost, safety of property and human life,
loss of national prestige, and many other factors could be made to give a
measure of the consequences for the loss of a particular structure in arriving
at a decision as to what risk the management is willing to accept for the loss
within the desired lifetime of the structure. If the structure is an isolated
tool shed, then obviously its loss is not as great as a structure that would
house many people or a structure that is critical to the mission of a large
organization; nor is it as potentially unsafe as the loss of a nuclear power plant

50 99.5 39.5

100 99.997 63.397 10




TABLE 5. 2,62
TO THE 10-METER LEVEL (W

DESIGN™ PEAK WIND PROFILES FOR DESIGN WIND RELATIVE
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= 70, 95, and 120 knots) FOR FACILITIES AT

CAPEDIégENNEDY, FLORIDA

Height WD10= 70 knots WD10 = 95 knots WDm = 120 knots

(£6) (m) | (knots) (ms™) | (knots) (ms™) | (knots) (ms™)
33 10 70.0 36.0 95,0 48.9 120.0 61.8
60 18.3 74.5 38.4 99.9 51.4 125.2 64.5
100 30.5 78.6 40.4 104.2 53.7 129.8 66.8
200 61.0 | 84.4 43.4 | 110.4 56.8 136.2  70.1
300 91.4 | 88.0 45.3 | 114.2 58.8 140.2  72.2

400 121.9 90.7 46.7 117.0 60.2 143.0 73.62
500 152.4 92.8 47.8 119. 1 61.3 145.3 74.8

TABLE 5.2.63 GUST FACTORS FOR VARIOUS AVERAGING TIMES (1)

FOR PEAK WINDS >30 KNOTS AT THE 10-METER LEVEL VERSUS HEIGHT FOR

CAPE KENNEDY, FLORIDA

Height Various Averaging Times (7, min.)
(ft) (m) 7=0.5 =1 T=2 T=5 =10
33 10 1.318 1.372 1.435 1.528 1.599
60 18.3 1.268 1.314 1.366 1.445 1.505
100 30.5 1.232 1.274 1.317 1.385 1.437
200 61.0 1.191 1.223 1.261 1.316 1.359
300 91.4 1.170 1.199 1.232 1.282 1.320
400 121.9 1. 157 1.183 1.214 1.260 1.295
500 152.4 1. 147 1. 172 1.201 1.244 1.277

* See Table 5. 2, 61 for calculated risk values versus desired lifetime for these

design winds.
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or storage facility for explosives or highly radioactive materials. To give

a starting point for design studies aimed at meeting the design objectives, it

is recommended that a design risk of ten percent for the desired lifetime be used
in determining the wind loading on structures that have a high replacement cost.
Should the loss of the structure be extremely hazardous to life or property, or
critical to the mission of a large organization, then a design risk of five percent
or less for the desired lifetime is recommended. These are subjective
recommendations involving arbitrary assumptions about the design objectives.
Note that the larger the desired lifetime, the greater the design risk is for a
given wind speed (or wind loading) . Therefore, realistic appraisals should be
made for desired lifetimes.

TABLE 5,2.64 DESIGN™ WIND PROFILES FOR VARIOUS AVERAGING TIMES (1)
FOR PEAK DESIGN WIND OF 70 KNOTS RELATIVE TO THE 10-METER LEVEL,
CAPE KENNEDY, FLORIDA

Design Wind Profiles (knots) for
: . ) a
Various Averaging Times (7)
Height

(ft) (m) T=0 7=0.5 T=1 T=2 T7=5 =10
33 10 70.0 53.1 51.0 48,8 45.8 43.8
60 18.3 74.5 58.8 56.7 54.5 51.6 49.5
1100 30.5 78.6 63.8 61.8 59.7 56.8 54.7
200 61.0 84.4 70.9 69.0 66.9 64.1 62.1
300 91.4 88.0 75.2 73.4 71.4 68.6 66.7
400 121.9 90.7 78.4 76.7 74.7 72.0 70.0
500 152.4 92.8 80.9 79.2 77.3 74.6 72.7

a Values of T are given in minutes.

* See Table 5. 2, 61 for calculated risk values versus desired liietime for these
design winds.
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TABLE 5.2,.65 DESIGN ™ WIND PROFILES FOR VARIOUS AVERAGING TIMES (7)
FOR PEAK DESIGN WIND OF 95 KNOTSRELATIVE TO THE 10-METER LEVEL,
CAPE KENNEDY, FLORIDA

Design Wind Profiles (knots) for
Various Averaging Times (7)
Height
(ft) (m) 7=0 7=0.5 7=1 T=2 =5 7=10
33 10 95.0 72.1 69.2 66.2 62.2 59.4
60 18.3 99.9 78.8 76.0 73.1 69.1 66.4
100 30.5 104.2 84.6 82.0 79.1 75.2 72.5
200 61.0 110.4 92.7 90.3 87.5 83.9 81.2
300 91.4 114.2 97.6 95,2 92.7 89.1 86.5
400 121.9 117.0 101.1 98.9 96.4 92.9 90.3
500 i52.4 149.1 103.8 101.6 99,2 95,7 93.3

a Values of T are given in minutes.

TABLE 5. 2,66 DESIGN WIND * PROFILES FOR VARIOUS AVERAGING TIMES (7)
FOR PEAK DESIGN WIND OF 120 KNOTS RELATIVE TO THE 10-METER
LEVEL, CAPE KENNEDY, FLORIDA

Design Wind Profiles (knots) for
Various Averaging Times (T)
Height
(ft) (m) T7=0 7=0.5 =1 T=2 =5 7=10
33 10 120.0 91.0 87.5 83.6 78.5 75.0
60 18.3 125,2 98.7 95.3 91.7 86.6 83.2
100 30.5 129.8 105.4 102.1 98.6 93.7 90.3
200 61.0 136.2 114.4 111.4 108.0 103.5 100.2
300 91.4 140.2 119.8 116.9 113.8 109.4 106.2
400 121.9 143.0 123.6 120.9 117.8 113.5 110.4
500 1562.4 145.3 126.7 124.0 121.0 116.8 113.8

a Values of T are given in minutes.
* See Table 5. 2. 61 for calculated risk values versus desired lifetime for
these design winds.
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5.2.11.2.9 Design Winds for Facilities at Huntsville, New Orleans, the
Western Test Range, Wallops Island, and White Sands.

5.2.11.2.9.1 The Wind Statistics.

The basic wind statistics for these five locations are taken
from Thom (Ref. 5.16), which presents isotachs, in the form of maps, for the
50th, 98th, and 99th percentile values for the yearly maximum ''fastest mile"
of wind in the units miles per hour for the 30-feet (~10-m) reference height
above natural grade. By definition, the ''fastest mile' is the fastest wind
speed in miles per hour of any mile of wind during a specified period (usually
taken as the 24-hour observational day), and the largest of these in a year for
the period of record constitutes the statistical sample of yearly ''fastest mile."
From this definition, it is noted that the fastest mile as a measure of wind speed
has a variable averaging time; for example, if the wind speed is 60 miles per
hour, the averaging time for the fastest mile of wind is 1 minute. For a wind
speed of 120 miles per hour, the averaging time for the fastest mile of wind is
1/2 minute. Thom reports that the Fréchet probability distribution function
fits his samples of fastest mile very well. The Fréchet distribution function
is given as X -7

Fix)= e P , (3) 5.2.11

where the two parameters B and <y are estimated from the sample by the
maximum likelihood method. From Thom's maps of the 50th, 98th, and 99th
percentiles of fastest mile of wind for yearly extremals, we have estimated
(interpolated) for these percentiles for the five locations and calculated the
values for the parameters, 8 and y, for the Frechet distribution function and
computed several additional percentiles, as shown in Table 5.2.67. To have
units consistent with the other sections of this document, the percentiles and
the parameters, B and vy, have been converted from miles per hour to knots.
Thus, Table 5.2.67 gives the Fréchet distribution for the fastest mile of
winds at the 30-feet (~10-m) level for the five locations with the units in
knots. These distributions are also illustrated in Figure 5.2.59.

The discussion in Section 5. 2.11, 2.4, devoted to
desired lifetime, calculated risk, and design winds with respect to the wind
statistics at a particular height ( 10-m level) is applicable here, except that
the reference statistics are with respect to the fastest mile converted to knots.
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TABLE 5.2.67 FRECHET DISTRIBUTION OF FASTEST MILE WIND (converted
to knots) AT THE 10-METER HEIGHT OF YEARLY EXTREMES FOR THE

INDICATED STATIONS

Fastest Mile Wind (knots)
Western
P T Test Range
Return and
Proba- Period New White Wallops
bility (years) Huntsville Orleans Sands Island
0.50 2 39.0 42,9 34.9 47.9
0.80 5 46.4 51.8 42.0 57.6
0.90 10 52.0 58.6 47.4 65.0
0.95 20 58.0 65.9 53.3 73.0
0.98 50 67.0 76.9 61.9 84.9
0.99 100 74 .4 86.4 69.4 95.0
0.9933 150 79.2 92,2 73.9 101.4
0.995 200 82.2 96.7 77.6 106.3
0.996 250 85.7 100.4 80.4 110.2
0.99667 300 88.2 103.5 82.9 113.6
0.9975 400 92.1 108.4 86.7 118.9
0.998 500 95.3 112.5 89.9 123.2
0.99833 600 97.6 115.5 92.3 126.6
0.99875 800 102.4 121.6 97.7 133.0
0.999 1000 106.0 126.1 100.6 137.8
Y Unitless 6.54686 6.08074 6.19591 6.19949
1/v Unitless 0.15274 0.16445 0.16140 0.16130
In g8 Unitless 3.60758 3.70093 3.49620 3.81208
B (knots) 36.892 40.488 32.983 45.241
5.2.11.2.9.2 The Design Wind in Terms of Fastest Mile at the 10-Meter

Level,

An analytical expression for design wind relative to the wind
at the 10-meter level, as a function of desired lifetime (N) and calculated risk
(U), distribution is:
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=3
=
I

—51/- [-In [- (1-U) + InN] + In B (4) 5.2. 11

and

Substituting the values for the parameters, -':,— and In B from Table 5.2.67

into Equation (4) 5.2.11 and evaluating for fixed risk (U) and varying the
desired lifetime, N, we derived Tables 5.2.68 through 5.2. 71. A convenient
plot of the desired lifetime for fixed risk (U) for the design wind relative to
the fastest mile (converted to knots) for the five stations are shown in
Figure 5.2.60, 5.2.61, 5.2.62, and 5.2.63.

5.2.11.2.9.3 Conversion of Fastest Mile to Peak Winds.

It was mentioned in Section 5.2.4.4.5 that the Frechet
distribution for the 17-year sample of yearly peak winds for Cape Kennedy
was an acceptable fit to this sample. ‘The Fré&chet distributions for the fastest
mile (converted to knots) were obtained from Thom's data (maps) for Cape
Kennedy. From these two distributions (the Frechet for the peak winds as well
as for the fastest mile), the ratio of the percentiles of the fastest mile
(converted to knots) to the peak winds were taken. This ratio varied from
1.12 to 1.09, over range of percentiles from the 30th to the 99th. Thus, we
adopted 1. 10 as a factor to multiply the statistics of the fastest mile of wind
to get the value in knots necessary to obtain peak (instantaneous) wind
statistics. This procedure is based upon the evidence of only one station. A
gust factor of 1. 10 is often applied to the fastest mile statistics in facility design
work to account for gust loads.

5.2.11.2.9.4 The Peak Wind Profile.

The peak wind profile law adopted for the five locations for
peak winds at the 10-meter level greater than 44 knots is

z 1/1
u, = un\To (5) 5.2. 114

where uy, is the peak wind at the 10-meter height and u, is the peak wind at
height z in meters.
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5.2.11.2.9.5 The Mean Wind Profile.

To obtain the mean wind profile for various averaging times,
the gust factors given in Tables 5.2.42 through 5.2.46, Section 5.2.7, are
applied to the peak wind profile as determined by Equation (17) 5.2. 11.

TABLE 5.2.68 FACILITIES DESIGN WIND AS A FUNCTION OF DESIRED
LIFETIME (N) AND CALCULATED RISK (U) WITH RESPECT TO THE
10-METER REFERENCE HEIGHT---"FASTEST MILE" FROM THOM
(Ref. 5.16) CONVERTED TO KNOTS---HUNTSVILLE, ALABAMA

Facilities Design Wind (WD, knots) as a
Function of Desired Lifetime (N) 2
U (1-U) y N=1 N=10 N=30 N=100
0.63212 0.36788 0 36.88 52.40 61.99 74.51
0.50 0.50 0.36651 38.98 55,42 65.56 78.80
0.42960 0.57040 0.57722 40. 28 57.23 67.69 81.37
0.40 0.60 0.67173 40. 85 58.09 68.70 82.52
0.30 0.70 1.03093 43. 16 61.37 72.53 87.19
0.20 0.80 1.49994 46,38 65.89 77.94 93.69
0.10 0.90 2.25037 51.99 73.92 87.44 105. 10
0.05 0.95 2.97020 58.03 82.51 97.61 117.22
0.01 0.99 4.60016 74.44 105.84 125.20 150.44

a Values of N are given in years.

a. From Equation (4) 5.2.11, the design wind in terms of
the fastest mile (converted to knots) relative to the 10-meter level is derived
as a function of desired lifetime, and calculated risk is determined.

b. The fastest mile (in knots) obtained from step a is
converted to peak wind at the 10-meter level by multiplying by a factor 1. 10.
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TABLE 5.2.69 FACILITIES DESIGN WIND AS A FUNCTION OF DESIRED
LIFETIME (N) AND A CALCULATED RISK (U) WITH RESPECT TO THE
10-METER REFERENCE HEIGHT---"FASTEST MILE" FROM THOM (Ref. 5. 16)
CONVERTED TO KNOTS---NEW ORLEANS, LOUISIANA

Facilities Design Wind (WD, knots) as

a Function of Desired Lifetime (N) a
U (1-U) y N=1 N=10 N=30 N=100
0.63212 0.36788 0 40.49 59, 14 70.81 86.31
0.50 0.50 0.36651 42,99 62. 80 75. 19 91.70
0.42960 0.57040 0.57722 44 .52 65.03 77.87 94,92
0.40 0.60 0.67173 45,20 66. 02 79.12 96.45
0.30 0.70 1.03093 47.95 70.04 83.93 102.31
0.20 0.80 1.4999%4 51.83 75.64 90.65 110.50
0.10 0.90 2.25037 58.62 85.62 102.51 124,96
0.05 0.95 2.97020 65.96 96. 35 115.46 140.75
0.01 0.99 4.60016 86.23 125,96 150,92 184,00

a Values of N are given in years.
c. The peak wind profile is obtained by Equation (5) 5.2. 11.

d. The mean wind profiles for the desired averaging times
are obtained by dividing the peak wind profile by the gust factors given in
Tables 5. 2.42 through 5.2, 46, Section 5.2.7.
5.2.11.2.9.6 Examples of Design Wind Profiles for the Five Station
Locations.

For each of the five stations, the values for the fastest mile
(in knots) at the 10-meter level which correspond to the 10-, 100-, and 1000-
year return periods from Table 5.2.67 (or from Figure 5.2.59) are considered
as the design return period TD. These values are tabulated in Table 5,2.72
and are now referred to as design winds with respect to the fastest mile
(in knots) for the 10-meter reference height. The design risk versus desired
lifetime for the design return periods of 10, 100, and 1000 years are presented
in Table 5.2.58.
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TABLE 5.2.70 FACILITIES DESIGN WIND AS A FUNCTION OF DESIRED
LIFETIME (N) AND CALCULATED RISK (U) WITH RESPECT TO THE
10-METER REFERENCE HEIGHT ---"FASTEST MILE" FROM THOM (Ref. 5. 16)
CONVERTED TO KNOTS---WESTERN TEST RANGE AND WHITE SANDS
MISSILE RANGE

Facilities Design Wind (WD, knots) as

a Function of Desired Lifetime (N) a
U (1-U) y N=1 N=10 N=30 N=100
0.63212 0.36788 0 32.98 47,84 57.11 69.34
0.50 0.50 0.36651 34.99 50.75 60.58 73.62
0.42960 0.57040 0.57722 36.20 52.51 62.68 76.17
0.40 0.60 0.67173 36.78 53.30 63.68 77.32
0.30 0.70 1.03093 38.97 56.49 67.49 81.94
0.20 0.80 1.49994 42,01 60.95 72.75 88.41
0.10 0.90 2.25037 47.42 68.79 82.11 99.78
0.05 0.95 2.97020 53.30 77.25 92.29 112,05
0.01 0.99 4.60016 69.33 100.49 120.06 145,77

a Values of N are given in years.

The fastest mile statistics (in knots) in Table 5.2.67 are
converted to peak wind speeds by multiplying by a factor of 1. 10 as discussed
in Section 5.2.11.2.8,3. The resulting peak winds in knots at the 10-meter
level corresponding to the design return periods of 10, 100, and 1000 years
are given in Table 5. 2,73.

The design peak wind profiles for the peak winds in Table
5.2.73 are obtained from the adopted peak wind power law given by Equation
(5) 5.2.11, and the mean wind profile for various averaging times are
obtained by dividing by the gust factors for the various averaging times. (The
gust factors versus height and averaging times are presented in Table 5.2.63.)
The resulting selected design wind profiles for design return periods of 10,
100, and 1000 years for the five stations are given in Tables 5.2.74 through
5.2.85.
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TABLE 5.2.71 FACILITIES DESIGN WIND AS A FUNCTION OF DESIRED
LIFETIME (N) AND CALCULATED RISK (U) WITH RESPECT TO THE
10-METER REFERENCE HEIGHT---""FASTEST MILE'' FROM THOM (Ref. 5. 16)
CONVERTED TO KNOTS---WALLOPS TEST RANGE

Facilities Design Wind (WD, knots) as

a Function of Desired Lifetime (N) a

U (1-U) y N=1 N=10 N=30 N=100
0.63212 0.36788 0 45.24 65.56 78.33 95.10
0.50 0.50 0.36651 47.99 69.61 83.09 100.89
0.42960 0.57040 0.57722 49.65 72.02 85.97 104.38
0.40 0.60 0.67173 50.40 73.11 87.27 105.95
0.30 0.70 1.03093 53.41 77.48 92.48 112.28
6.20 0.80 1.49994 57.63 83.52 99.78 121,14
0.10 0.90 2.25037 65.04 94 .26 112.61 136.72
0.05 0.95 2.97020 73.04 105.95 126.47 153.15
0.01 0.99 4.60016 95.01 137.70 164.47 199,72

a Values of N are given in years.

TABLE 5.2.72 FASTEST MILE VALUES (in knots) FOR THE 10-METER

LEVEL FOR 10-, 100-, AND 1000-YEAR RETURN PERIODS

Fastest Mile Values (knots)

D New Western Test Range Wallops
(years) Huntsville Orleans and White Sands Island
10 52.0 58.6 47.4 65.0
100 74.4 86.4 69.4 95.0
1000 106.0 126.1 100.6 137.8
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TABLE 5.2.73 PEAK WINDS (fastest mile values times 1.10) FOR THE
10-METER LEVEL FOR 10-, 100-, AND 1000-YEAR RETURN PERIODS

Peak Winds (knots)

T

D New Western Test Range Wallops
(years) Huntsville Orleans and White Sand Island
10 57.2 64.5 52.1 71.5
100 81.8 95.0 76.3 104.5
1000 106.0 138.7 110.7 151.6

TABLE 5.2.74 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING
TIME (7) FOR A PEAK WIND OF 57.2 KNOTS (10-year return period) FOR
HUNTSVILLE, ALABAMA

Facilities Design Wind (knots) as a

Function of Averaging Time (T) &
Height 7=0 7=0.5 =1 T=2 7=5 7=10

(£t) (m) (peak)

33 10 57.2 43.4 41.7 39.9 37.4 35.8
60 18.3 62.4 49,2 47.5 45.7 43.2 41.5
100 30.5 67.1 54.5 52.8 50.9 48.4 46.7
200 61.0 74.1 62.2 60.6 58.8 56.3 54.5
300 91.4 78.5 67.1 65.5 63.7 61.2 59.5
400 121.9 81.8 70.7 60.7 67.4 64.9 63.2
500 152.4 83.6 72.9 71.3 69.6 67.2 65.5

a Values of T are given in minutes.
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TABLE 5.2.75 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING
TIME (1) FOR A PEAK WIND OF 81.8 KNOTS ( 100-year return period) FOR

HUNTSVILLE, ALABAMA

Facilities Design Wind (knots) as a
Function of Averaging Time (7)

Height 7=0 7=0.5 7=1 T=2 7=5 =10
(ft) (m) (peak)
33 10 81.8 62.1 59.6 57.0 53.5 51.2
60 18.3 89.2 70.3 67.9 65.3 61.7 59.3
100 30.5 95.9 77.8 75.5 72.8 69.2 66.7
200 61.0 105.9 88.9 86.6 84.0 80.5 77.9
300 91.4 112. 2 95.9 93.6 91.1 87.5 85.0
400 121.9 116.5 100.7 98.5 96.0 92.5 90.0
500 152.4 119.5 104.2 102.0 99.5 96.1 93.6

a Values of 7 are given in minutes.

TABLE 5.2.76 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING

TIME (7) FOR A PEAK WIND OF 116.6 KNOTS (1000-year return period) FOR

HUNTSVILLE, ALABAMA

Facilities Design Wind (knots) as a
Function of Averaging Time (7)

Height =0 7=0.5 7=1 T=2 T=5 7=10
(ft) (m) (peak)

33 10 116.6 88.5 85,0 81.3 76.3 72.9

60 18.3 127.0 100. 2 96,7 93.0 87.9 84.4

100 30.5 136.6 110.9 107.5 103.7 98.6 95.1

200 61.0 150. 8 126.6 123.3 119.6 114.6 111.0

300 91.4 159.8 136.6 133.3 129.7 124.6 121.1

400 121.9 166.5 143.9 140.7 137.1 132.1 128.6

500 152.4 171, 9 149.9 146.7 143.1 138.2 134.6

a Values of 7 are given in mimutes.
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TABLE 5.2.77 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING
TIME (7) FOR A PEAK WIND OF 64.5 KNOTS ( 10-year return period) FOR
NEW ORLEANS, LOUISIANA

Facilities Design Wind (knots) as a
. . . a
Function of Averaging Time (7)

Height =0 7=0.5 =1 T=2 7=5 =10

(ft) (m) (peak)
33 10 64.5 48.9 47.0 44.9 42,2 40.3
60 18.3 70.3 55.4 53.5 51.5 48.7 46.7
100 30.5 75.6 61.4 59.5 57.4 54.6 52.6
200 61.0 83.5 70.1 68.3 66.2 63.4 61.4
300 91.4 88.5 75.6 73.8 71.8 69.0 67.0
400 121.9 92.2 79.7 77.9 75.9 73.2 71.2
500 152.4 94,3 82.2 80.5 78.5 75.8 73.8

a Values of T are given in minutes.

TABLE 5.2.78 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING
TIME (7) FOR A PEAK WIND OF 95.0 KNOTS ( 100-year return period) FOR
NEW ORLEANS, LOUISIANA

Facilities Design Wind (knots) as a
Function of Averaging Time (7) 2

Height 7=0 7=0.5 T=1 T=2 7=5 7=10
(ft) (m) (peak)

33 10 95.0 72.1 69.2 66.2 62.2 59.4

60 18.3 103.6 81.7 78.8 75.8 71.7 68.8

100 30.5 111.4 90.4 87.6 84.6 80.4 79.3

200 61.0 123.0 103.3 100.6 97.5 93.5 90.5

300 91.4 130.3 111.4 108.7 105.8 101.6 98.7

400 121.9 135.8 117.4 114.8 111.9 107.8 104.9

500 152 .4 138.8 121.0 118.4 115.6 111.6 108.7

a Values of 7 are given in minutes,
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TABLE 5.2.79 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING
TIME (7) FOR A PEAK WIND OF 138.7 KNOTS ( 1000-year return period) FOR
NEW ORLEANS, LOUISIANA

Facilities Design Wind (knots) as 2
Function of Averaging Time (7)

Height T=(0 7=0.5 T=1 T=2 7=5 7=10
(ft) (m) (peak)

33 10 138.7 105.2 101.1 96.7 90.8 86.7

60 18.3 151.2 119.2 115.1 110.7 104.6 100.5

100 30.95 i6z2.7 i32. 1 128.6 123.5 117.5 113.2

200 61.0 179.6 150.8 146.9 142 .4 136.5 132.2

300 91.4 190.3 i62.6 158.7 154.5 148.4 144 .2

400 121.9 198.2 171.3 167.5 163.3 157.3 153.1

560 152.4 202.7 176.7 173.0 168.8 162.9 158.7

a Values of T are given in minutes,

TABLE 5.2.80 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING
TIME (7) FOR A PEAK WIND OF 52,1 KNOTS (10-year return period) FOR THE
WESTERN TEST RANGE AND WHITE SANDS MISSILE RANGE, NEW MEXICO

Facilities Design Wind (knots) as a

Function of Averaging Time (1) 2
Height T7=0 7=0.5 7=1 T=2 T7=5 =10

(ft) (m) (peak)

33 10 52.1 39.5 38.0 36.3 34.1 32.6
60 18.3 56.8 44.8 43.2 41.6 39.3 37.7
100 30.5 61.1 49.6 48.1 46.4 44 .1 42.5
200 61.0 67.5 56,7 55.2 53.5 51.3 49.7
300 91.4 71.5 61.1 59.6 58.0 55.8 54,2
400 121.9 74.5 64.4 63.0 61.4 59.1 57.5
500 152.4 76.1 66.3 64.9 63.3 61.2 59.6

a Values of 7 are given in minutes.




5. 132

TABLE 5.2.81 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING
TIME (1) FOR A PEAK WIND OF 76.3 KNOTS ( 100-year return period) FOR THE
WESTERN TEST RANGE AND WHITE SANDS MISSILE RANGE, NEW MEXICO

Facilities Design Wind (knots) as a
Function of Averaging Time (7)

Height =0 7=0.5 T=1 T=2 T=5 7=10
(ft) (m) (peak)
33 10 76.3 57.9 55.6 53.2 49.9 47.7
60 18.3 83.2 65.6 63.3 60.9 57.6 55.3
100 30.5 89.5 72.6 70.4 68.0 64.6 62.3
200 61.0 98.8 83.0 80.8 78.4 75.1 72.7
300 91.4 104.7 89.5 87.3 85.0 81.7 79.3
400 121.9 109.1 94.3 92.2 89.9 86.6 84.2
500 152.4 111.5 97.2 95.1 92.8 89.6 87.3

TABLE 5.2.82 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING
TIME (7) FOR A PEAK WIND OF 110.7 KNOTS (1000-year return period) FOR
THE WESTERN TEST RANGE AND WHITE SANDS MISSILE RANGE, NEW MEXICO

Facilities Design Wind (knots) as_a
Function of Averaging Time (7)

Height 7=0 7=0.5 7=1 T=2 7=5 7=10

(ft) (m) ( peak)
33 10 110.7 84.0 80.7 77.1 72.4 69.2
60 18.3 120.7 95.2 91.9 88.4 83.5 80.2
100 30.5 129.8 105.4 102.1 98.6 93.7 90.3
200 61.0 143.3 120.3 117.2 113.6 108.9 105.4
300 91.4 151.9 129.8 126.7 123.3 118.5 115.1
400 121.9 158.2 136.7 133.7 130.3 125.6 122.2
500 152.4 161.8 141.1 138.1 134.7 130.1 126.7

a Values of 7 are given in minutes.




5. 133

TABLE 5.2.83 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING
TIME (1) FOR A PEAK WIND OF 71.5 KNOTS (10-year return period) FOR
WALLOPS TEST RANGE, VIRGINIA

Facilities Design Wind (knots) as a
Function of Averaging Time (1)

Height 7=0 7=0.5 T=1 T=2 7=5 7=10

(ft) (m) (peak)
33 10 71.5 54.2 52.1 49.8 46.8 44.7
60 18.3 77.9 61.4 59.3 57.0 53.9 51.8
100 30.5 83.8 68.0 65.9 63.6 60.5 58.3
200 61.0 92.6 7.7 75.7 73.4 70.4 68. 1
300 91.4 98.1 83.8 81.8 79.6 76.5 74.3
400 121.9 102.2 88.3 86.4 84.2 81.1 78.9
500 152.4 104.5 91.1 89.2 87.0 84.0 81.8

a Values of 7 are given in minutes.

TABLE 5.2.84 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING
TIME (7) FOR A PEAK WIND OF 104.5 KNOTS (100-year return period) FOR
WALLOPS TEST RANGE, VIRGINIA

Facilities Design Wind (knots) as a
Function of Averaging Time (T)

Height T=0 7=0.5 7=1 T=2 T=5 7=10

(ft) (m) ( peak)
33 10 104.5 79.3 76.2 72.8 68.4 65.4
60 18.3 113.9 89.8 86.7 83.4 78.8 75.7
100 30.5 122.5 99.4 96.4 93.0 88.4 85.2
200 61.0 135.3 113.6 110.6 107.3 102.8 99.6
300 91.4 143.4 122.6 119.6 116.4 111.9 108.6
400 121.9 149.4 129.1 126.3 123.1 118.6 | 115.4
500 152.4 152.7 133.1 130.3 127.1 122.7 119.6

a Values of T are given in minutes.
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TABLE 5.2.85 FACILITIES DESIGN WIND AS A FUNCTION OF AVERAGING
TIME (7) FOR A PEAK WIND OF 151.6 KNOTS (1000-year return period) FOR
WALLOPS TEST RANGE, VIRGINIA

Facilities Design Wind (knots) as_a
Function of Averaging Time (T)

Height 7=0 7=0.5 T=1 T=2 =5 =10
(ft) (m) ( peak)

33 10 151.6 115.0 110.5 105.6 99.2 94.8

60 18.3 165.3 130.4 125.8 121.0 114.4 109.8

100 30.5 177.8 144.3 139.9 135.0 128.4 123.7

200 61.0 196.3 164.8 160.5 155.7 149.2 144 .4

300 91.4 208.0 177.8 173.5 168.9 162.2 157.6

400 121.9 216.7 187.3 183.2 178.5 172.0 167.3

500 152.4 221.5 193.1 189.0 184.4 178.1 173.5

a Values of 7 are given in minutes.
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5.3 Inflight Winds

5.3.1 Introduction.

Inflight wind speed profiles are used in vehicle design studies
primarily to establish structural and control system capabilities. The inflight
wind speeds selected for vehicle design may not represent the same percentile
value as the design surface wind speed. The selected wind speeds (inflight
and surface) are determined by the desired vehicle launch capability and can
differ in the percentile level since the inflight and surface wind speeds are
statistically independent.

Wind information for inflight design studies is presented in three
basic forms: discrete or synthetic profiles, statistical distributions, and
measured profile samples. A detailed discussion of these three types of
presentations and their uses may be found in Reference 5.55. There are
certain limitations to each of these wind input forms, and their utility in design
studies depends upon a number of considerations such as, (1) accuracy of
basic measurements, (2) complexity of input to vehicle design, (3) economy
and practicality for design use, (4) ability to represent significant features
of the wind profile, (5) statistical assumption versus physical representation
of the wind profile, (6) ability of input to ensure control system and structural
integrity of the vehicle, and (7) flexibility of use in design trade-off studies.

Accurate and adequate numbers representative of measured
wind profiles are necessary for developing a valid statistical description of
the wind profile. Fortunately, current records of data from Cape Kennedy
fulfill these requirements, although a continual program of data acquistion is
vital to further enhance the confidence of the statistical information generated.
The various methods and sensors for obtaining inflight profiles, which include
the rawinsonde, the FPS-16/Jimsphere, and the rocketsonde, are described
in Section 5.3.2. The statistical analyses performed on the inflight wind
profiles provide detailed descriptions of the upper winds and an understanding
of the profile characteristics such as temporal and height variations, as well
as indications of the frequency and the persistence of transient meteorological
systems. A statistical examination of winds aloft climatology is given in
Section 5.3, 3; Section 5.3.4 points out the peculiarities and unique properties
of the wind profile over Kennedy Space Center.

The synthetic type of wind profile is the oldest method used to
present inflight design wind data. The synthetic wind profile data are
presented in this document since this method of presentation provides a
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reasonable approach for most design studies when properly used, especially
during the early design periods. Also, the concept of synthetic wind profiles

is generally understood and employed in most aerospace organizations for
design computations. It should be understood that the synthetic wind profile
incorporates the wind speed (Section 5.3.6), wind speed change (Section 5.3.7),
maximum wind layer thickness (Section 5.3.3.3), and gusts (Section 5.3.8)

that are required to establish vehicle design values. Section 5.3.9 describes

the method of constructing synthetic wind profiles.

5.3.2 Measurement of Inflight Winds,

Wind velocity profiles are measured systematically in this
country by three methods, the FPS-16 radar/Jimsphere, the rocketsonde, and
the rawinsonde (GMD). The rawinsonde is employed extensively throughout
the United States by the Department of Defense and the Weather Bureau, while
the FPS-16/Jimsphere and rocketsonde are employed primarily at space vehicle
and missile test ranges such as Kennedy Space Center, Florida; Wallops
Island, Virginia; White Sands Missile Range, New Mexico; and Vandenberg
AFB, California.

5.3.2.1 Rawinsonde (GMD).

This system provides measurements of horizontal wind speed
and direction as a function of altitude averaged over approximately 600 meters.
Wind data from this system can be obtained up to an altitude of approximately
35 kilometers. Approximate rms errors in wind speed (Ref. 5.28), based
upon standard data reduction_g)rocedures, va_r{y between 2 and 6 ms ° for a
speed range Iess_fhan 15 ms *, 3 and 21 ms _1for a range of 15 to 30 ms ,
and 7 and 23 ms ~ for a range of 30 to 45 ms ~ as a function of altitude. For
wind direction, the rms errors are estimated to be less than 10 degrees, and
they probably average about 5 degrees.

Large quantities of data measured by this system at the Eastern
Test Range, and at many locations throughout the United States are available.
The Eastern Test Range rawinsonde data have been used extensively in
investigating wind conditions in that area and for specifying average wind
conditions for use in numerous space vehicle design studies. Because of
smoothing inherent in the rawinsonde tracking system, it cannot provide
small scale wind motion measurements that may be important in some space
vehicle problems. Serial complete, edited and checked master rawinsonde
wind data records have been prepared and cover a 10-year period for Cape
Kennedy, Florida, and a 9-year period for Santa Monica, California. Similar
serial complete records are now available for Wallops Island, Virginia area.
These records constitute the source of statistical steady-state upper air wind
statistics used in this document, unless otherwise noted.
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5.3.2.2 FPS-16 Radar/Jimsphere.

This system provides considerably more accurate wind velocity
profile data than does the rawinsonde, for its altitude range, which is up to
approximately 18 kilometers. The measurements are averaged over
approximately 50 meters in the_\ifertical. In general, an rms error in wind
speed of approximately 0.5 ms ~ and 1 degree in wind direction is obtained, but
it depends upon radar elevation angle (Ref. 5.29 and 5.30). Thus, the FPS-16/
Jimsphere wind profile data contain information on small scale motions as
well as gross motions such as those provided by the rawinsonde. Several
years of profile data measured twice daily, and in support of spaze vehicle
launchings and special studies, are available. Some of these data have been
published (Ref. 5.31), and a master magnetic tape has been prepared for
ready access. In addition, a number of studies have been conducted using these
improved wind data (Ref. 5.51).

5.3.2.3 Rocketsonde.

The rocketsonde system provides wind data to a higher altitude
(approximately 80 km) than does either the FPS-16 radar/Jimsphere or the
rawinsonde. The wind measurements are averaged over approximately a
300-meter or larger layer. The rms errors for wind speed (Ref. 5.28) are
approximately 4 ms , and for wind direction, about 5 degrees or greater,
depending upon sensor and tracking systems. Wind data from the rocketsonde
have been collected for approximately 10 years. These data are collected and
published monthly by World Data Center A, Asheville, North Carolina.

5.3.3 Winds Aloft Climatology.

In the development of design wind speed profiles and associated
shears and gusts, it is necessary to begin with the measured wind speed and
wind direction data collected at the area of interest for some reasonably long
period of time.

Analysis of the data may be accomplished in several ways by
using high speed computers. Statistical data of various types are readily
computed for a given application. The subject of wind climatology for any
area, if treated in detail, would make up a voluminous document. The intent
here is to give a brief treatment of selected topics that are frequently considered
in space vehicle development and operations problems and references to more
extensive information.
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Generally, space vehicles for use in comprehensive space
research are designed by use of synthetic wind profiles based upon scalar wind
speeds without regard to specific wind directions. However, in special
situations, when a vehicle is restricted to a given launch site, rather narrow
flight azimuths (within approximately 20 deg), and a specific configuration and
mission, winds based upon components (head, tail, left cross or right cross)
may be used. For a given percentile, the magnitudes of component winds are
equal to or less than those of the scalar winds. Component or directional
dependent winds should not be employed in design studies unless specifically
authorized by the cognizant design organization., Directional wind component
frequency envelopes are presented in Section 5.3.3.1 for the Eastern Test
Range.

5.3.3.1 Wind Component Statistics.

Wind component statistics are used in mission planning to
provide information on the probability of exceeding a given wind speed in the
pitch or yaw planes and to bias the tilt program (Section 5.3.5) at a selected
launch time.

Computation of the wind component statistics are made for
various launch azimuths (15-deg intervals were selected at Marshall Space
Flight Center) for each month for the pitch plane (range) and yaw plane
(cross range) at the Eastern Test Range and the Western Test Range. Figures
5.3. 1A through 5. 3. 1C give pitch wind component, and Figures 5.3. 2A through
5.3.2C give yaw wind component statistics for Cape Kennedy, Florida (Eastern
Test Range), for a 90-degree launch azimuth as an illustration of these
statistics. These profiles are based upon additional data available since the
publication of the previous edition of this document (Ref. 5. 18). The new
data extends the profiles to 55 kilometers. Ten years of twice daily serial
complete radiosonde data ( approximately 600 for each monthly period) were
used for the data up to 27 kilometers. Five years of rocketsonde wind data
(about 70 observations for each monthly period) were used for the data between
28 and 55 kilometers. Only one launch azimuth (90 deg) was selected to be
included in this revision. Tables for launch azimuths at every 15-degree
interval are available upon request.

Tail winds in Figures 5.3. 1A through 5.3. 1C are positive
pitch plane winds, that is, blowing in the direction of the flight azimuth; head
winds are negative pitch plane winds. Right cross winds in Figures 5.3.2A
through 5.3.2C are positive yaw plane winds, that is, blowing perpendicularly
to the flight path from right to left; left cross winds are negative yaw plane
winds.
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References 5.33, 5.34, 5.35 and 5. 37 contain information on
the statistical distributions of wind speeds and component wind speeds for
Cape Kennedy, Florida (ETR); El Paso, Texas (WSMR) ; Santa Monica,
California (WTR) ; and Wallops Island, Virginia (Wallops Test Range). The
Range Reference Atmosphere Documents (Ref. 5.37) provide similar infor-
mation for other test ranges,

5.3.3.1.1 Empirical Range and Cross Range Wind Component Envelopes.

An example of monthly empirical range and cross range
component envelopes are shown in Figures 5.3.3A through 5.3. 3C, which show
the distribution of wind speeds for several percentile values as a function of
wind direction at a 12-kilometer altitude for each month of the year.

Although wind velocity is reported as a speed and a direction,
the data in the figures in this section ( Figs. 5.3.3A through 5.3.3C and Fig.
5.3.4) show the wind as a vector toward its direction of motion; that is, a
wind at 90 degrees would be a wind blowing toward the east.

Plots similar to Figures 5. 3. 3A through 5.3.3C have been
prepared for altitudes from 1 to 27 kilometers, but, because of the great
number of graphs, they could not be included in this document.

5.3.3.1.2 Idealized Annual Wind Component Envelopes — Windiest Monthly
Reference Period Concept.

To provide information on the wind distribution for an entire
year, envelopes like those shown for the Western Test Range in Figure 5.3.4
which is from Reference 5. 38, are most useful because the data is based upon
monthly frequency distributions. Thus, the data in Figure 5. 3.4 can be used
to determine the worst condition expected for a selected launch azimuth during
any month of the entire year. Similar data are available for the Eastern
Test Range in Reference 5. 39.

5.3.3.2 Upper Wind Correlations.

Coefficients of correlations of wind components between altitude
levels with means and standard deviations at altitude levels may be used in a
statistical model to derive representative wind profiles. Reference 5. 40
describes a method of preparing synthetic wind profiles by use of correlation
coefficients between wind components. In addition, these correlation data are
applicable to certain statistical studies of vehicle responses (Ref. 5.36).



5.146

%
5
%,
s